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SECTION 1 

G!;:! N E RA L D H S C RI P T I ON 


1,0 INTRODUCTION. 

T h i s M an u a, 1 p r o v i J e s o p e r a t i. n g a n d m a i n t e n a n if e i n s t r u c t i o n s- 
for the AM-500 Hard Disk Controller Circuit Board manufactured 


A1 p h a M i c r o s y s t e m s I ir 


1 o c a | e ci i n I r v i n e , C a .1. i 


to rnia. 


Circuit: board description, operating and usage instructions, 
programm Lng, theory of operation, and maintenance instructions 
are included to provide the user with the information necessarv 
to utilize this circuit board to its full canail Ml ty. 


IId CIRCUIT BOARD DESCRIPTION 


p r o c e s s i n g , c o n t r o 1 an ci i n t e r t a 
S- 100 bus system and one to fou 
A CPU modult;, a DMA module, a I 
memory and IK o f Randorn A.ccess 
t i. catid dat a proces s ing neces s a .£ f 
tent*megabyte disk drives. A 2k R. 
c o n t a i n e d o n t h e b o a r d t o p r o v i d e 
an d a. 1 s o t o c o n i a i n t h e m I c r o c o de 
operation. 


i t B o a. r 

d provides 

a 3 1 a 


abflity 

bfTween a 

s t an 

u a r 

9427H ( 

HawkI hard 

d i s k 

d r 

First- I 

6 

! 

-p.J 

tr 

r 

:. I FI 

FO) 

( RAM) 

provide the 

j sop 

h 1 S 

con tro 

I of up to 

I; o u r 


Only Me 

mo ry (' ROM) 

l s 


o o t. s t r a 

p .1 o a d p r o 

pram 


e s s a r y 

for the CPI 

) mo ci. 

LI X C? 


A simplified block diagram of the circuit board is Shown in 
Figure 1-1. For a. complete detailed description of circuit 
board operation, see Section. 4 of this manual. For programming 
re quir e me nt s , see 5 e ctio n 3 o f t his man ua1. 


1.2 APPLICATION. 

T h i s c i. r c u i t b o a r d p r o v i d e s t h e d a t a p r o c e s s i rig a n d i n t e r f a c e 
capability necessary for operation of up to four CDC 9 4 2 7 H 
fHawk) hard disk drives for a. maximum of ten megabytes or 
memory capacity per drive. This c i fcu.it board is riot re com- 
mended for any other disk drives at this time. See Section 2 


1 

L 







of this manual for wiring instructions and system interface 
information. For complete information on the disk drive, see 
the Control Data Corporation 9427H Hardware Maintenance Manual 




























SECTION 2 
OPERATING DATA 

2,0 INTRODUCTION, 

This Section contains in format ion on the use of the AM- 500 Hard 
Disk Control I Or circuit board. Capabilities, specifications, 
interface wiring, and user option descriptions are provided 
f o r t h e s u c c e s s f u 1 i n t eg r a t i o n o f t h e AM - 5 0 0 i n t o t h e u s e r ’ s 
s y s t e rn, 


2 . 1 

C 

ARABILIT 
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T- G 

AN 

D S 

PE 

CI F 

.1 C A r 

IONS , 

1 It J. 

s c 

i. r c 

UI t b 
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cl V 

J o p e s: 

cl L 

es 

f torn 

the 

t 0 

i n t 

e r f 

a c e w 

i. 

th 

th 

e C 

DC 

9 4 
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(_ i'\ cl w k 

meg 

ab y 

t c 

C U pi ^ — - 

J. 

ty 

C f 

i ve 
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CD 

d/ fi 

vivis ■y 1 - 

V w i. 
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rd 

c an 

S Up p 
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V t 

UP 

to 
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our 

d T 1 

ve s f 

meg 

a b y 

t e s 
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di 

s k 

me 

mo r 
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De tal 

1 i s 
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i n 

Tab 1 

e 
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Table 2-1. AM-500 Spec!fications 



PARAMETER 


CPU Interface 


St ov age Capa ci ty 
Each Drive 


Maximum S torage 
capacity frcm each 
AM " 5 0 0 C o n t roll, e r 
B card 


AM- 500 to disk Bit 
Transfer Rate, 

S e c tor S i z <3 


CPU Interface 
Description 


SPECIFICATION 


S tand a rd S - 1 00 Bu s - In terr upt 0 rive n 

10 Megabyte Total; S Megabytes on 
fixed surface, 5 Megabytes on removable 
cart ridee. 


4 0 Megabytes with | Drives coimecte 



512 Rytes/Sector plus CRC Error Code 
and Sentinel Check byte. 

Multilevel interrupt driven; full 
sector block transfers from or to 
internal sector buffer. 



Circuit Board 



Standard 5 ?! x 1G' ! with 100 pin 
connector. 













2.2 INTERFACE DESCRIPTION AND WIRING. 

The AM-500 Hard Disk Controller Circuit Board provides interface 
capability between the Standard. S-100 bus and CDC 9 42 7H (Hawk) 
h a r d d. i s k d r i v e s . 

2.2. 1 S - I 0 0 BUS IN T E R. P A C B . 

The AM- 500 circuit board- is fully S-100 bus compatible. The 
board and its associated disk drives are addressed through the 
address lines and data is transferred through the standard 
data in and data out ports. The S-100 bus connections are made 
via the bottom edge connector and are described in Ta.ble 2# 2 „ 

2 .2.2 D I S K I) RIV E I NT E R FA C E . 

The AM-500 circuit board accommodates a maximum of four hard 
disk drives. unit select outputs from the circuit board select 
any one of the four drives individually and in arbitrary Sequence. 
All disk drive interface signals are described in Table 2-5 


2-.3 





2 


T ab 1 e 


S- 10 0 Bus In te r f ace S i gna 1 s li s t 


MNHMONIC 

NAME 

P1 N 


AO 

Address 0 

79 

i 6 bit s o t S - 10 0 a d d r e s s i. n g « 

A .1 

Add ress 1 

8 0 


? 

; \ ^ 

Address 2 

81 


A 3 

Address 3 

31 


A 4 

Address 4 

30 


AS 

A cl cl r 0 s s h 

2 9 


A 6 

Addres s 6 

8 2 


A 7 

Add.ress 7 

83 


A 8 

Address 8 

8 4 


A o 

Address 9 

34 


A I 0 

Address 10 

3 7 


A ! 1 

A d. il T CSS I J 

8 7 


A I; 2 

Address 12 

3 3 


A I. 5 

address 13 

8 5 


A l 4 

Ad dres s 14 

86 


A I 5 

Address 15 

3 2 


DATAIN 0 

Input Data Bit 0 

9 5 

Da.ta input port, B us 

DATA IN 1 

input Data Bit 1 

9 4 

ma ster inp ut from |dav es. 

2#TAIN 2 

Input. Data Bit. 2 

41. 


DATA IN 3 

I n p u t, D a t a B i t 3 

42 


DATAIN 4 

input Data Bit 4 

91 


DATA IN 5 

In p ut D a t a Bit 5 

92 


DATA IN 6 

Input Data Bit, 6 

93 


DATA IN 7 

Input Data Bit 7 

4 3 


DATAOUT 0 

Output. Data Bit 0 

36 

Data output port. Bus 

DATTOUT I 

0 u tp u, t Dat a Bit 1 

35 

master output to Slaves, 

DATAOUT 2 

Output. Data Bit 2 

88 


DATTOUT 3 

Output. Data Bit 3 

89 


DATAOUT 4 

0ut p ut Data Bit 4 

3 8 


DATAOUT 5 

0 u t p ut Data Bit 5 

3 9 


DATAOUT 6 

0u tp ut Data Bit 6 

40 


DATAOUT 7 

Output Data Bit 7 

90 



2 - 4 

















3 ME MR 


Wr 11 e Strobe 



l f 0 !. n p u t C y c i e 
Status Line 


| Memory Cycle 
| Input Status Line 


ESCRIPTION 


78 Read enable. Used by bus 
rn a s t e r t o r e cj u e s t a cl J r e s sea 
s 1 a v e t o p L a c e d a t a o n 
input port. 


6 7 D i s ab 1 e s p h an t om co n t r o 1 L e d 
memories when 



W r i 

. te 

s t r o b 

e. Generated 

by 

b us 

in a s t 

e r s a s w r i t. e 

comman 

d tO 

slaves . 




?5 I AM- SO 0 reset, input. 


6 Current bus cycle is a bus 
.blaster input from an I/O 
addres s „ 


47 Current bus cycle is a bus 
rn a. s t e r i n p u $ f r o in a me mo r y 
address « 


I / 0 0 u t p u t C y c 1 e 
Status Line 


VI 0 

Vec tored 

VTT 

Vac to red 

V'l 2 

Vecto red 

W~3 

Vectored 

W.4 

Vectored 

y-'T r j 

Vectored 

VI 6 

Vectored 


4S Current itus cyc 1 e i.s a 
b u s m a. s t e r o u t: p u t t o a 11 


/O address 


J u m p e r s e 1 e c t e d. i n t fe r r u p t s 

5 51 a n d a r d. i. n t e r r u p t 

6 1evel = 4. 


Vecto red Interrupt 7 






























































NAME 


' nterface Siena1 


CA 

3 

CA 

4 

CA 

5 

CA. 

"g* 

r <\ 

7 




Cv 

1 

Hide .r 

Addres 

s 

B i 

t 

X 

C y 

$ 

i n tie r 

Addres 

s 

E i 

t 

> 

C y 

1 

i nde r 

Add res 

s 

Bi 

t 

A 

t 

Cy 

1 
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Table 2-3 (Cont.) 
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P1 a 1 1 er Select 


Read Clock 


Read Data 


R e t u r n t o L e r o S e e k 


Read Gate 


CCFOR Sector Mark 


SBKERR Seek Error 


n 1 1 S e 1 e c t 1 
ni -1 Select 2 
n i t Se.1 ect 3 
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V RIT h DA IA I W' r i t e Si a t a 


+5VDC (not used; 


I b() i Double frequency encoded 


clock and data 
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When the AM- SOO circuit, board is received,, it is ready for use. 
No adjustment or calibration is required for ope rat. ion, the 
hardware requirements for use are described in this Section and 
the software requirements are described in Section 3. 


First ensure that the proper power wiring is available and 
the correct voltages are connected to the various pins as shown 
on sheet l of the schematic. All power connections are made 
through the bottom edge connector. 


Ai 1 connections to the S-100 bus are made through the bottom 
edge connector (Table 2-2.) and connections to the disk drive 
are made through the top connector (Table 2-3). Ensure that 
these connections are correct before plugging the AM-500 
c i r c u 1 1 b o-a r d i n t o t he system. 





















USER OPTIONS 


2 7 > 

Several features of the AM-500 circuit board can be jumper 
selected at the user’s option. These jumpers must be installed 
before the AM-50-0 circuit board is installed in the system. 

The standard jumper connections are shown in Figure 2-1. 



Figure 2-1, Standard Jumper Connections 


ADDRESS 


i i i r c u L ft 
for any 
I Ln.es AO 
des i. red 
b e t w e e n 
a d d r e s s 


boa rd addressin.g can lie se 1 ected at the user * s opt ion 
address block (in increments of four) on the address 
- A 7 . C o nn e c t j ump e r w i r e s t o + 5 V o r g r o ui i d f o r t h e 
address. Jumper pads are located on the circuit board 
US 5 and |J 3 7 (schematic sheet 2), The standard 1/0 
l s C 0 - C 3 , 


2.3,2 INTERRUPT LINES. 

Interrupt compatibility for any S- 100 bus system is provided 
with jumpers to any of the vectored interrupt lines V10-V17, 
Attach the jumper wire from the pad connected, to pin 3 of U35 
to the desired interrupt line (schematic sheet 11). Jumper 
pads are located on the circuit board, directly below 1)35. 

The standard interrupt level is VI4, 







2.3. % PHANTOM FEATURE , 

A phantom feature can be used with the AM-500 Hard Disk 
Controller, This feature is supported in operating system 
software release 3,0 and later and. will not operate if a 
video display module (Vi)Mj is being used for software program 
ulriAi because the system memory overlaps the VDM memory 
(see Alpha Micro Operating System AMOS manual). Also, the 
memory board, must support the phantom feature. 


the AM-SCO circuit board comes from the factory configured 
to enable the phantom featur#;. If it is desired, to disable 
the phantom, feature in order to use the disk drive as a. 
peripheral device, it will be necessary to cut the etch that 
runs between. J1-i 7 and 1135-3. Cut the etch between the two 


feed thru ho 

1 e s 

on 

the 

solder side 

o f 

the board, Th e S- I u 0 

pins on the 

b cl C 

k o 

f the 

card start 

ci t 

51 on the right and 

count 

up to 

1.0 0 

on 

the 

i e f t, 



The AM-500 a 

1 re 

a. dy 

has 

the phantom 

S 1 

gnal connected to pin 6 

o f t h e 

s- too 

b U 

s 

Du r 1 

rig bootstrap 


the line goes law J. i . - 


abling the upper memory board or any board that monitors the 


phantom line. The CPU starts executing the bootstrap PROM 
at 1.ocati on F400 and moves i t into location 76000 oc ta 1 or 
1 COO hex. The bootstrap then s tarts executing from memory. 
Any memory board that, overlaps the bootstrap PROM must have 
phantom enabled and all the others mus t have it disabled. 


2 . 3 , 4 B 00 T 0 P r 1 ON S „ 

Since the AM- 200 , AM- 21.0 and AM-4 0 0 also contain internal 
bootstrap loader PROMS, the user may desire to disable the 
bootstrap from the AM-500 and boot from one of these other 
circuit boards. The following paragraphs describe the 
requirements for these options. 
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2,3.4,1 THE AM-500 AS A PERIPHERAL TO THE AM-200 OR AM-210. 
Remove the 74LS30 IC (U40) from the AM- 500 (bottom row, 6 th 
chip from the right). If the AM-200 or AM-210 are using phantom 
(phantom must be used If you have more than 56K of memory), 
the phantom etch must be cut on the AM-500. Turn the AM-500 
board over (comp orient side down) and cut the etch going to 
pin 67. Cut the etch between the two eyelets so a wire may¬ 
be inserted between the two eyelets at a. later date to reenable 
phantom. The S-100 pins on the back side start at 51 on the 
right and go to 100 on the left. 


Boo 


-he system with both the AM- 500 and AM- 200 or AM* 


u i n 


the system. 


Log into area 1,4 on the floppy disk and modify your SYSTEM.I 
t o a. d d t h e £ o 11 o w i n g : 

BITMAP HWK.,60 6,0 ,1 

Be sure that the DEVTBL command in the SYSTEM.INI contains 
HWK0 and HWKi. 


Log into area 1,6 and. do the following: 
COPY HWK.. DVR-ITWK5 0 0 . DVR 


Now reboot the system again and by mounting HWK0 and HWK], 
you may access them as peripherals to the AM-200 or AM- 210 . 
Remember when in this mode the fixed platter is always HWK 0 . 


2.3,4.2 OPERATING THE AM-500 WITH THE AM-400/TRIDENT. 

When running these two in combination, phantom must be dis¬ 
abled on the controller that is not the system device. If 
it is desired to remove phantom on the AM-400, remove Z32 


i t 


remo ve 





pin S from 

the so 

cket so 

it sticks out. 

i f you 

are 

b DO t i Tig 

from the AY 

: 1 - b 0 0 f 

disable 

the PROM on the 

AM-400 

by 

removing 

L1 9 , w h i c h 

is the 

IC to 

the left of the h 

eader i 

1. n t.. 

he bottom 

row , 








1' h s p r o p e r b 11 m a. p sizes and d e v i c e names must b e i n t h e 
SYSTEM.INI fiie to accommodate the proper configur a 11on. 

Be sure the proper driver in area 1,6 is renamed to the same 
name as the device you defined in the DHV'TBL. The bitmap 
sizes are 562 for the T- 25 , 1022 for the T- 50 , 1.534 for the 

T- 80 , an d 16 30 for the T- 300 , 

if booting is off the AM-500, initial!zation must be from the 
AM-400, This is done by running a program. For the F-25, 
f-50 , and T- 200 use TRIIN1.PRG, and for the T-80 and F-300 
use T80 INI. PRG. To utilize it, just type TxxINI folio wend by 
a carriage return. The program should return a status less 
than 3 octal. if you do not run this initialization program, 
the drives will show as NOT READY on a SYSTAT. 
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SECTION 3 
PROGRAMMING 


3.0 INTRODUCTION. 

This section describes the programming requirements for the 
AM-500 circuit board. Circuit board addressing, bootstrap 
loader, and AM-500 internal programming are described for 
coinpie te sys t.em compat ibility , 

When the AM-500 circuit board is received, it is ready for use 
with the CDC 942 7H (Hawk) disk drive as described in Section 2 
of this manual. The bootstrap loader and the microcode con¬ 
tained in internal firmware is designed only for this disk 
d. r j. v e , 

3s, I A D1) R b S S TNG, 

The AM-500 and associated disk drives are addressed through 
the S- 100 bus address lines. The circuit board address is 
jumper selectable by the jumpers connected, to U37. Jumpers 
to either + SV or ground, select the board address on S-100 bus 
address lines AD2-AD7. The board always occupies four I/O 
ports even though only two are actually used. 

3.2 INITIALIZATION. 

On initial power-up or reset, the AM-500 goes into a dormant 
s t a te w a it Lug fo r i n i t i a 1 i z a t i o n. With the p h a n t o m o p t i o n 
enabled, the phantom signal is activated, disabling any memory. 
The S-LOO bus is enabled to access the bootstrap loader 
contained in the AM-500 PROM, 

The 16 K PROM (D21) contains both the bootstrap routine and. the 
controller microcode. The microcode resides in the first IK 
bytes, and the bootstrap routine resides in the second IK bytes 
of this PROM. The current bootstrap routine is written in 
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AM-100 code, and other user codes may be used if the microcode 
i n the f i. rs t 1K bytes is dup 1 1 cate d ex actly. 

NOTE 

If the user code contained in the AM-500 
PROM is changed from the current boot 
routine, the microcode in the first IK 
o f inemory must be dupX icated exac11 y , 

initialization of the AM-500 is accomplished by writing a zero 
byte, into the AM-50 0 command register during system, initialization 
The CPU finishes initialization of the disk controller and 
re 1eases the Phantom signal, See paragraph 2.3.4 for boot options 

3.3 C0 MMAN D REGIST E R. 

The command register receives AM-500 commands from the 5-100 
bus, 1.1 is accessed, by writing to the selected address (see 

paragraph 2.3.1). The legal base addresses are in multiples 
of four from the first address 177400 (octal) , 1 77404 foci i) , 

1 7 710 8 ( octal i , through 11(7 7 74 (octal). A software hands sake 
sequence must be used for the command transfer (see paragraph 
3 . 6 ). 

There are two basic types of commands used for operation of the 
AM-500; system; non-disk commands and disk commands. Both 
t y p es a re de s c r i fa eel in Fi gure 3 - 1 , 

5.4 STATUS REGISTER. 

The status register is used to determine the current status 
of the AM-500 controller. It is accessed from the S»100 bus 
by reading from the user selected base address of the circuit 
board. The format of the status register is described in 
T a b 1 e 3 - 1 . 


3~ 2 




NON-DISK COMMANDS; 




1 «INTERRUPT ENABLE 
0 = INTERRUPT DISABLE 




F i g u r '|t 3 - 1, AM - 5 0 0 C o min a n d s 
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The interrupt mode in the AM-500 can be selected by both disk 
and non-dis| commands. If the interrupt mode is selected, the 
interrupt occurs at the completion of the current AM-500 command. 
The interrupt must be cleared by the user by setting bit 6-1 
of any non-disk command. 


3.6 H A N D S it A K E S B Q U E N C E . 

A h a n d s h a k i n g t y p e i n t e r a c t i o n 
circuit board and the CPU any 


t: i me 


reqwired between the AM- 500 
a command, is sent to the 


AM-50 0. This handshaking is a software operation that uses 
h it: 7 o f t h e S t a t u s R e g i s t e r. H a nds h a k e o p e r a 1 1 o n s p r o c e e U 
i n t.he to 11 ow ing sequenee : 


A command is sent from the S-100 bus to the 
Comm an d Re gister. 

The system software waits tor bit 7 of the Status 
Register to become a 1 to guarantee that the 
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AM-500 has received the command, 

3. The system software writes a zero into .the Command 
Register to clear the previous command, 

4. The system software waits until bit 7 of the Status 
Regis ter becomes a 0 indicating that the Command 

Regi s ter ha.s been c 1 eared. 

This completes the handshake operation and the program con- 
t i n u e s , 


3 , 7 R E 1. K E Y D E S C R i. P T I 0 N . 

The term RELKEY refers to a double byte number which points to 
one of 9096 possible sectors on the disk. The user loads a 
number from 0 to 9695 into the Re1key bytes of the DMA buffer 
to indicate which sector is to be operated on. If bit 5 of 
the disk command is a 1, the microcode converts this number along 
with the drive select byte into an absolute disk address and 
stores it back into the DMA buffer. The microcode replaces 
the drive number and Re1key bytes of the DMA buffer with the 
converted absolute disk address. Since all DMA buffer loca¬ 
tions are accessible, the absolute disk address can be retrieved 
if necess ary, 


It the user has the desired absolute disk address, it can. be 
placed in the DMA buffer, and the Re 1 key conversion can be skipped. 
Th i s 1 s ac c o rn p 1 i s h e d as folio w s : 

It, Place the actual drive number (1-3) into the second 
byte of the buffer, 

2. Place the low byte of the track address in the third 
byte of the buffer. 

5. Place the high byte of the track address (which 

specifies the surface, the platter select, and the 
sector address) into the fourth byte of the buffer 
a s s h o w n b e 1 o w . 






3.8 DMA BUFFER. 

The DMA Buffer is contained in the first iJC RAM in the AM- 500. 
All data, transfers to or from the disk memory must pass through 
tins buffer. 

The DMA buffer is accessed by addressing the AM-500 base address 
plus one and all data between, the AM- 500 and the S-100 bps must 
pass through this single port. No DMA. type operations occur 
b e t w e e n t h e AM- 5 0 0 an d s y s t e m me in o r y bee a u s e th. e y a r © h an d 1 e d 
on a programmed basis only,, The microcode initialises the 
buffer and -sets the DMA channels for proper operation as shown 
in Figure 3-2. The Handshake sequence is shown in Figure 3-3, 
and. the data transfer sequence is shown in Figure 3-4. 

3,8.1 DMA BUFFER OPERATION FOR DISK WRITE. 

Transferring data to the DMA buffer and then performing Ask 
write operations takes place as- follows; 

i.. Send DMA write command X06 (octal) to AM-S0D command 
register and perform a handshake. (X depends on 
s eIect i. on of inter rupt mode , 1 

2. Send retry count to AM-500 DMA buffer. 

3. Send disk number (0- ? ) to DMA buf fer, 

4. Send low byte of Re 1key to DMA buffer. 

5. Send high, byte of Relkey to DMA buffer. 

5. Send data (0-512 bytes) to DMA. buffer. 

7, Send disk write command X'/'l (octal) to AM- 500 
command register and perform a handshake,, 

8, Read the AM-500 status register and check for zero 
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F i g u r e 3 - 2 















F i gure 3-3. Handshake 5equence 
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c o n a i t i o n i n d i c a 1: i n g no e r r o r, 

Continue with next command if no errors were detected 
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3 * 

Write a 

disk numbe 
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7 ) in t o DMA 

b uffe r 




4 . v'v r L t e 1 o w b y t e o £ R e ike v i. n t o DMA b u f f e r , 

5, Write high byte of Re 1 key into DMA buffer, 

6, Send disk READ command X35 (octal) to AM-500 command 
r e g i s t e r an d p e r £ o r m h a n d s h a k e , 

7, Read AM- 50 0 status register and check for zero 
condition indicating no errors occurred. 
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3,9 RES T0 R E C0 MMAND, 

The restore command is used to reset the disk logic and force 
the disk head to return to track zero. The user may force a 
restore command with a disk command 5 (octal), or the microcode 
will exercise the restore command on its own following certain 
er rors , 


If a disk fault occurs,, the microcode attempts one restore and 
then checks the fault status again. If the fault, still exists , 
the microcode aborts the command operation and reports an error 
to the CPU. 
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3.10 DIS| FORMAT!ING COWMANDS. 

There are two disk formatting commands, Format Record and 
Format Track, that are identical in function. Both commands 
cause tire currently addressed track to be formatted, 

CAUTION 

The Format Record and Format Track commands 
hoth des troy previous1y stored data on 
the addressed track by 'writing all new 
records with data fields of zeros. 

3.11 STATUS CHECK. 

The Read and Write Status check commands are used to access 
s p e c i f 1 c s t a t u s i n f o r in a t i o n f: r o m the d i s k d r i v e , 

The Write Status check command 00.1 (octal) is used to determine 
if the currently addressed, disk is write protected. it does 
not attempt to actually writ# any data. If the addressed disk 
is write protected, error code 13 (octal) is placed in the 
status register, 

fhe Read Status check command (if SEEK bit 4 is on) seeks for 
th. e c u r re n 11 y addresse d t r ac k. and then, re t u rn|. D a ta. 3. s n o t. 
read from the disk. If a seek error occurred, an error code 
14 foetal) is placed in the status register. 

3.. 1 2 E RRO R C0 DE RE P 0 R T I N 6 . 

The ope rat ing system does not norina 1 1 y repo rt sof t di sk e r rors . 
A soft disk error is defined as a. non-recoverable error after 
a set number of retries , usually 4 on the AM- 500 . If after 4 
retries the error is non-recoverable, the system aborts the 
command and reports an error. 

To enable: reporting of the error type the operator should type; 


SET asKERR 






The AM-500 error codes are as follows 


1 - SEEK ERROR 

2 - NOT USED 

3 - SECTOR NOT FOUND 

4 - CRC CHECKSUM 

5 - SOFTWARE CHECKSUM 
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SECTION 4 

FUNCTIONAL THEORY OF OPERATION 


4.0 INTRO. DUCT I ON . 

The AM- SOU Hard Disk Controller circuit board cont ains integrated, 
circuit elements for the necessary data processing for the per¬ 
formance of the functions as described in Sections 1, 2 and 3 
of this manual, This Section describes the functional theory 
of operation of the circuit board and also provides information 
for each of the integra.te<1 ci rcu it e 1 ements , 

4.1 CIRCUIT BOARD OPERA!iON, 

This circuit hoard provides control and interface capability 
between the S-iOO bus and. the CDC 9 42 7H (Hawk) hard disk drive. 
The functional bloc3c diagram of the circuit board if shown in 
Figure 4-1, and the circuit board schematic is contained in 
Section 6 of this manual. Table 4-1 contains a list of the 
signals used in this circuit board with definitions of their 
iimct ions , For S-100 bus interface signals, see Table 2,-2. 

For Hard. Disk drive signals, see Table 2-3. 


4,1,1 POWER-UP RESET, 

On initial power-up, the circuit, board is in a dormant state 
waiting for initialization’* System clocks are generated from 
the 10 MHz oscillator on ill and divided down by 112, LI 2 2 and lb 
to generate CLOCK, ONE and CELL clock signals. The power-on 
reset circuit act ivates RESET to reset the IN IT and RUN flip- 


flops* 


Hie RUN signal activates the PHANTOM signal to enable 
any m e m o r v i m d e r ph a n t o m c o n t r o 1, an d t h e INIT s i e n a 1 e n a b 1 e s 


the boot, logic so the S-10 0 bus can. access the bootstrap prdf 
G o n t a 1 n e d i n t h e P R 0 M LI 2.1. 


'■am 


4"1/4-I Blank 




































Table 4-1, AM-500 Signal List 
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signals have been set to 
h i gh. i m p e d an. c A s t a t e, 
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o f t.h e s ystgf» b U.s » 


Clock generated tor c1ock anc 
dat a ou.t p ut to di s k d r i ve . 

C1o c k generator o u t p ut. 


CLOCK 























Table 4-1 (Cent, 


AM-SO0 Signal List 
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CLOG K 


C REDUN¬ 
IX 


KG CLK CRC CLOCK 


CRC bk ft j CRC ERROR 

... ADR I CYLINDER 
f 

j ADDRESS 


Sets initialize 



Clocks data 

from Data 

(DO-07) into 

control 

Enables the 

output, of 

mand registe 

r t o p 1 a c 

tents on the 

Data Bus 


C1 o c k i np u t i o r s e r i a. .1. d a t 
i n p u t t o F1 F 0 8 e, jgo r y s t a c k 



(Input to FIFO, 


D a t a o u t d u t o f C R C c h - c k e r 



Clock input to CRC fiip-tdi 
gene r at ed f r om either CECl 
RCLOCK , WRIf g = I. s e .1 e c t s C 
WRITE-0 selects RCLOCK, 

Data inout to CRC checker. 


Error o u t p u t. o f C R C c h e c k e 



Clocks Data from Data Bus 
into Drive Reg i ster i, 
































ble 4-1 (Cont,). AM-500 Signal List 


N AML 


SC HEM 
PAGE OF 
SOURCE 


FUNCTI ON 


DMA control 1 er output 


\CKM©W- 
1 3 


DMA c o n. t r o 11 e r o u t p u t 


AiA RESET 


Master reset input to 
Memory and CRC checker 


Detects Read Cvc1e 


L) erect s n r r t e lv c i e , 


D 1 0 R 


Enables data on S-100 bus 
D 0 0 - D0 7 to b e p 1 ace d on 
internal Data Bus and res 
DR H0 0 t o DMA c o nt ro11e r. 


DJOW 


Resets ORE01 to DMA confer 


DRbU 0 


n a t 

A T X Ai ID C 


U f\ 1 

h\ U L (N C O 


DMA 

REQUEST 

0 


DMA REGUI 


Chip Select input to enafc 
DMA Cont roller. 


1 r i - S t a t e b u s i n t e r n a 1 
AM-500. 

DMA. R e q ue s t i n. p u t . 


DMA Request 






























I) Reg 


URL CL 


DRV Si 


i hMRTi 


FSYNC 


AM- 500 Signal Li 5 1 



FUNCTION 


DMA Request i np u t. 3 . 

C1ears DMA request 1a tches 
and. presets the RUN f 1 ip- f 1 0 p . 


Clock for Drive Register 1, 


Gates status data from the disk 

drive onto the internal data 

bus , 


Enables the C R C c hec k e r and | 

write logic when the FIFO 
memory is not empty, 

i 


. ...• - . S 

5 

Enables clock input to FIFO 

memory. 


Res e t signal to CPU. j 


. ■ ~~. .■■■. 1 

Bidirectional, active low, f 

three state line. 


Enables the circu11 board when 

address lines AD2-AD7 match 

the address code on the 

i 

address lumpers. j 

i 


| 


Bidirectional, active low 
three state line. 























C’Cont., j 



AM-- 5 0 0 S i gn a 1 L i s t 


FUNCT I 


A 

ct i 

ve low 

output 

o f 

the upper 

F 

I FO 

memo ry 

when 

i ts 

i np ufe 

r 

egi. 

s t e r i s 

full. 



A 

Ct 1 

ve low 

output 

of 

the lower 

F 

I FO 

memo ry 

when 

i t ;5 

| np ut 

V 

egi 

a ter Is 

full. 




Act i ve 

low 

output of the lo 

FIFO memory 

w h on i t s o u t p u t 

regis te 

r l s 

empty (FIFO ORE 

Enables 

th e 

memory select 

decoder 

. 



Clock generated fo r 
d a t a o u t p u t t o d i s k 

Clock and 

drive, 

A c t i v e 1 o w o u t p u t o f 

the upper 

FfFO memory when its 

output 

regis t.e r is emp t y , 



P a r a. 11 e 1 1 o a. d. s i g n a X t o t h e 
FIFO memory. 

Chip Select signal to enafeie 
the two Random Access Memory 
modu1es. 


C .1 o c k i n p u t f r o m d i s k 















































































I ab 1 e 4- .1 ( Cont.) . AM-500 S ignal L ist 


S I GN A L 

NAME 

SCHEM 

PAGE OF 

SOURCE 

FUNCTION 

TOP 

TRANSFER OUT 

PARALLEL 

10 

FI.F0 memory input to t rans fe r 
p a r a. 11 e .1 d a t a i n t o i t s o u t p u t 
regis ter, 

WDATA 

mm 

■ 

.~j 

Serial output, of FIFO memory f 

... I 

to be written onto disk. j 


WRITE GATE 

11 

Write enable output, to disf,. j 

WR 

MEMORY WRITE 

6 , 7 

j 

T r i - s t a t e C P U o u t. p u t , a c f i v e 

low indicates that CPU holds § 

v a 1 i. d dat a to b e s to re d i n to 

the RAM. 

a 

WRITE 

11 

Control register output for disk 

write mode. 


4,1.2 ADDRESSING. 

Address data is received from the S-100 bus on address lines 
AO-A 1 5. This address data is transferred to a tri-state 
address bus Lor use by the controllers and- memories within 
the circuit board and is also used for direct: add rets sing of 
t h e c i r c u i t h a a. r d, 

T r i - State Buffers on U38 and Li 39 gate the address data to the 
internal bus. Initialize signal I NIT controls these gates; when 
set by the Command. Write signal CMDWR'T. 
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Adores s lines A.2- A7 are wired directly to comparator U3 7 for 
circuit board addressing* The other inputs come from jumper 
wires to either +5V or ground to produce the desired circuit 

S i g n a 1 10 S EI. L s a s s e r t e d w hen t h e d a t a c " - 


"orn 


ooa rd add. res s 

address lines compare with the address of the card. This 
generates I/O read and write commands when combined with the 
S- IDO bus control signals in decoder III7. The board address 
is p rogr a nun a b 1. e from 00 to FC (hex. j in increments of 4, 


4 . 


CPU OUTPUT 


C17 U iS u t p u t d a t a 


an < 


c o n t r o 


me s 


transmitted to the AM-bOO by the S- 100 data 
It is received in the AM- 500 by the Command 


R e g i s t e r an d D a t a 0 u t R e g i s t e r 


4 , 1,5, 1 CO MMAN1) R T GIS T E R. 

The command register is used by the AM- 500 to receive commands 
from the 3-100 bus and consists of the register on U30 * The 
input to the command register comes from the S-100 bus data 
lines D00-D07;and the output, when enabled, goes to the internal 
AM-500 data bus DO-D7. 


1.) a t a f r o m t h e S -10 0 b u s d a t a line 


s clo eked i nt o 
CMDWRTi This 


register by the Command Write signal 
the I/O command register when the AM-500 is add res 
A0 and A l are zero, 'When I/O Output signal (SOUT) 


1 1 ' o m t h e 


100 bus is asserted, CMDWRT clocks the 


the command 
come s from 
s 0 cl an u 

command word 


From the 
a 1 s o s e t. s 
F1 i p - L1 a p 


- 10 0 b u s d a t a 1 i n e s 
t h e i n 1 1 i a 1 1 z e fc 1 i p - 
LI36 remains set. unt/t 


into the command register and 
flop U36 to begin an AM-500 cycle, 
1 the RESET pushbu t1o n i s p res sed 


o r powe r 1i#rn ed o f f. When th# CPl) is s ues 
(RD low arid WR high) and address lines A0 
the Regis t-er/Memory Select decoders- issue 
t o t r an s t e r t h e c o mm an d regi s te. r con t e n t s 


a Memory Read Command 
and A1 are zero, 
t h e C 0 MA N D s i g n a 1 
to the AM* 500 data bus,. 
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4,1.3.2 COMMAND TYPES, 

The non-disk commands issued to the AM-500 are used for control 
and operation of the logic internal to the circuit card. The 
bit functions are listed in. Table 4-2 and the commands are 
listed in 1 able 4-3, Disk Commands a,re used to control the 
disk drive and access status information from the drive. Disk 
command bit functions are listed in Table 4~ 4, and disk command: 
c o <i e s a r e I i s t e d i n Tab 1 e 4 - 5 , 


Table 4-2, Non-Disk Command Bits 



F1.1NCT ION 


I n d i c a t e s no n. - d. isk c o mm and 
Activity Bit, 


Rend/Write 0-re a d 1 = write 


C o mm an d F un cti on 0 = t ran s fe r l=exe c ut < 


,o cat ion in DMA buffer where data is to be 


retrieved. or stored. * 


ear current interrupt O-nop 1 = c1ear 


Interrupt Enable 0 = dxsable 


meat Lon 


ft.AM Base (Direct) 

D a t a B u f f e r 
Use r Pointer 

8 User Pointer (Indirect) 

















































































Table 4-4, 


Disk Command Bits 


■ 

■ 

FUNCTION 

b 

DSK 

Always 1 for disk type commands 

i 

TRlf 

Part of command function 

& 

FM * 

Comm and tunc tior 

2 and 3 taken as 

i c o rnp vised o f bits 1, 

a whole 

3 

R/W# 

0 = Re a d 1 - W r i t e 

4 

SK 

Seek 

5 

CVT 

Convert Redkey l=Convert 0=No Conversion. 

6 

„ 

Not used 

7 


Interrupt enable 0=Disable 1=Enable 


* See Table 4-5 
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ib le 4- 5 . I) i s k C o ram a n d C o d e s 




Read Status Check 


Re s tc> re to C y 1 i nde r 2 e ro 



k ecop. pame resu 




R e a. d 

Track 


If r i 1 1 

2 Reco rd 


Wri t< 

3 Status C 

l h. e c k 


F o i'm a t. T r a c k f S a m e r e s u 1 1 a s 0 I 


IBSISTHR, 

lei controls the transfer of data from the 
?s to the data bus internal to the AM-500 
tons is ts of the register on U41. The input 
pister comes from the S-100 bus data lines 
:put» when enabled, goes to the internal 
- D 7 , 


bus data lines is clocked, into the Data Out 
a Wr ite s .1 gna J DATWRT» Thi s come s f ro m th e 
?r when, the AM- 500 is addressed and At!-" j. 

S Output signal (SOUT) from the S-100 


4 - !. S 









































dus is asserted, DATWRT clocks the data word from the S-100 
bus into the Data Out Register and also: sets the DMA request 
Latch tor a DMA service request. The DMA controller issues an 
acknowledge (DACKO) that is combined with address hit A15=1 and 
a Read Output from the CPU to generate Data I/O Read signal 
Cl-OR. Signal DIOR transfers the contents of the Data Out 
Register onto the internal data bus and also resets the DMA 
teques 1: latch , 

4,1.4 CPU INPUT. 

CPU input data is transmitted from the AM-500 by the S-100 
data and control lines. It is transmitted from the AM-500 
by the Status Register and Data In Register, 

4. L.4, 1. STATUS REGIST0R, 

The Status Register is used to determine the current status 
o£ AM-S00 Contro11er opera11on and consLs ts of the register 
on U31. The input to the Status Register comes from the 
AM- 50 0 internal data bus D0-D7; and the output, when enabled, 
goes to the S-100 bus da ta 11nes DI 0 -131 7 , 

Data from the internal data bus is clocked into the Status 
Register by the STATUS signal from the Regis ter/Memory Select 
logic. This occurs when the board is addressed and lines A0, 

AT and WE are all low. The Register/Memory Select decoders 
issue the STATUS' signal to clock the data into the Status 
R e g i s t e r f r o m t h e i n t e r n a 1 d a t a b us. The contents o f f. h e 
Status Register are applied to the S-100 bus data lines by the 
Status Read signal (STSRD) from the I/O Command Register, 

Thip, signal is issued when address line A0 = 0 , Write Strobe 
PWR is false- (high), Read enable is True (high), and Activate 
Lnput (S1NP) is bigh. 

4,L.4,2 STATUS WORD FORMATS. 

Status Words contain Information regarding the operation of 
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the AM-500 controller. Information and formats of the status 
words are contained in Table 4-6, Bit 7 is the Command Recei 
(. C R) bit and l = Received, 0=CI eared. 


'[’abj:e 4-6.% Status Word Pormats 


JJ L T 
4 3 


0 0 0 1 0 1 

0 0 1 0 1 1 

0 0 0 0 0 % 


U i) 

0 0 


1 0 


0 o 1 I 


0 0 

n i 


FU 

“ 

N C T 10 N 

Disk Not R 
.. 

eady 

f. 

j Write Prot 

e c t e d | 

j Seek Error ] 

| Sector Not 

P o un d | 

C-i 

£> 

rj 

C 

I Sentinel F 

ield Error j 


CR = Command Received 0-Cleaned. 


. “ R 6 C 6 i V 6 (1 * 


4. i. > 4 . 5 D A r A i N RE G % S T E R . 

The Data In Register controls the transfer of data from the 
data, bus internal to the AM- 500 to the $-100 bus data line 
and consists of the register on U42, The input to this »ogis 
comes from the internal data lines DO -D7 and the output, when 
enabled, goes to the 5-1 GO bus data lines D30-D17. 


Data from, the internal bus is clocked into the register when 
either Data. I/O Write (MOW) is true or RUN is false. Signal 
MOW comes from Bus Acknowledge (BUSAK) and Write (WR) from 
the CPU when DMA is selected by the Memory/Reg.i s ter Select 
I. o g i c , D a t a i s p 1 a c e a o n t h e S - 10 0 bus d a. t. a 11 n e s w h e n i n 
the Bootstrap Mode or when the L/O Command Register issues 
a Data. Read DATR.D command. The DATRD is Issued when the boar 
is addressed and AG= i, A. 1 = 0, Read Enable ROBIN is true (high) 
a a d WriIe S t r obe (P W R ) is f a 1 s e ( high' I* 














4.1.5 BOOT LOAD PROCEDURE. 

The AM-500 circuit board contains a bootstrap load routine 
stored in the ROM on U21. The microcode for internal AM-500 
operation is also contained in the first IK of ROM memory. 

I he bootstrap program is contained in the second IK of memory. 


NOTE 

if the user code is changed from the 
current boot routine, the microcode in 
the firs t 1K of memory must be dup Iicated 
exactly, 


The CPU reads the bootstrap load program by addressing the circ 
card and reading from 1 72000 (octal) up. This address, comb in* 
with SMEMR from the S- 100 bus and a high I NTT signal, winch, take 
place on initial start-up, generates the ROOT signal. The BOOT 
signal enables the PROM (U21) and enables the output of the 
Data Cn Register, The clock input of the Data In Register is 
supplied by the RUN signal through gate U32. The RUN signal 
was set low by initial start-up and remains so until: DRLGi-R 
p res e t s the RUN f 1 i p - f 1 op . The Dat a T n Re g i s te r consis ts o f: 
transparent latches so that under these conditions, the boo t 
data, from the PROM enters the internal data bus and transfers 
direc11.v to the S- 1 0 0 bus data .1 i nes . 


When the block data transfer of the boot loader is completed, 
the phantom is disabled and the CPU and DMA modules initialize 
the circuit board so that it can accept commands„ 

4.1. b I. N i h R RU P i S . 

The interrupt mode can be selected for AM-500 operation when 
the software program sets bit 7 in either disk or non-disk 
commands . When the interrupt mode is selected, the interrupt. 

the completion of the current AM- 500 command. Thus 


occurs at 





i y t n e c o n t r o ], r e g ; 


is taken from the internal data bus by the 
tjj i 1 J and connected to the S-100 bus vectored interrupt lines, 
A.iw one of the seven interrupt Lines (VI 0-VI7) may be selected 
Oy a jumper rrom pin .5 of U35 to the selected line. 


! n.e interrupt mode map be cleared by the software program so 
the interrupts do not occur. The program clears the interrupt 

it & in any non-disk command to a one (see 


mode 

h y 

s e 11 mg 

Tab 1 e 

• 

2 ) . 

4,1, 7 

0 

LIT PUT r 

I h e \ 

M- 5 

0 0 c i. r c 

to th 

I'Y Ci 

i s k d r i 

reg.i s 

L-F 

s „ See 

b e t: w e 

6 Xi 

t, 11 e A ; ■ 

! 1 

Hr 9 i x - 

,, i 

DATA W 

f h e d 

a t a 

w i- i t e 

a n d J 

<1 L 8 

output 

A h e n 

the 

AM-500 

w nic h 

T- 1 (./ 

t > t h e 

t h e w 

f i t: 

e J a t a 

c h, e c k e r 

mo d.u L e 

s y lie 

f l i 

I i - f i o p 

a t RC 

e r 

r o r o c c 

t. h e d 

r i v 

e Statu. 

tv h : 1! 

th e 

F ! FO its 

CRC c 

U rs , - 
ill 

ker and 

t h ,r O Li 

ri 

the wr.i 

& f| < J a 

\J U L 

i.ed to 


ard transters disk write cat a and controls 
o u g h t h e w r :i t e d a t a 1 o g i c a. n d d r i. v e c o n t r o 1. 

2 - 3 £ o r a c o rn p I e t e 1 i s t o i: t h a sign a I s 
rcuit board and the disk drive-. 


g i c p r o v i d e s t h e d o u b J e f r e q u e n c y e a. c o d e d c L o c k 


e t s the inu.1, t ip 1 exer in the CRC .1, og Lc (U91 to se 1 ec t 
WDATA.) from the FIFO memory stack to the C 
'2 3, The serial data is then sent to the F 
12 5 an d a 1 s o 1:o th e da t a w r11 e 1 o g i e . Sho u 1 d 
tr , CRCERR signal goes high and set® bit 7 of 


1 FO memory is not empty, FEMPTY is high enabling the 
at mg the serial data output of the FIFO 
Log ic whe re i t 5 s comb ined wi th the 0NE c j o ck 


the in te current is flowing through the disk write head from 
the WGATE command, the CELL clock is also combined into the 


WRITEOATA command through OR gate U4i. When the FIFO memory 
is empty, FEMPTY is low, gating CRC data to the WRTTEDATA line 
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4.1.7.2 DRIVE REGISTERS. 

The disk drive registers control the selection and operation 
of the disk mechanism. Three flip- flop registers (ill .I, li 12 ? 

U13) perform these functions when enabled by the RUN signal. 

Dr 1 ve Regis te r No , 1 controls t,he address data to 1:he d is k dri ve 
The address data is contained on the internal data bus and is 

egis ter No. I by CYLADR from the regis te 

s e I e c t 1 o g i c. 


t r an s f e r r e d i n t o D r I, v e ! ; 

t *'~ t lrwTir " When the software selects the cylinder address, 


CYLADR clocks the data from the internal data bus into Dxd. ve 
Register No. 1. 


Drive Register No. 2 controls the disk and. head select data to 
the disk drive. This data is contained on the internal data 
bus when the software selects the drive commands and is clocked 
into Drive Register No. 2 by the DRVSEL signal from the register 
.Select logic. 


f h e D r i v e C o n t r o 1 R e g i. s t e r h a n d 1. e s t h e g a t e s i g n a .1 s f e r t h e 
disk read and write operations. This includes Write Gate 
(WUATH)» Erase Gate (EGATEJ, Read Gate (RGATE), Cylinder 
Address Strobe (CYLSTR) and return to Zero Seek (RESTORJ. 
in addition, this register generates the READ, WRITE, and 
DATA signals for internal control and the S-100 bus interrupt 
signal. This data is clocked into the Drive Control Register 


b’ 


he CKTL signal from the register select log Lc 


4.1.3 INPUT FROM DISK DRIVE. 

The AM-500 circuit board receives memory data and status from 
the disk drive through the data read logic and- drive status 
register. See Table 2- 3 for a complete list of the signals 
betweea th.e circuit board and the cli. s k dri v e , 








4.1.8.I DATA READ LOGIC. 

The data read logic receives the separate clock and data output 
of the disk drive and applies them to the clock and preset 
inputs of a flip- flop. When the AM- 500 is not in the read. 


mode 


he READ signal holds this flip-flop in the clear state. 


The flip-!* flop output (RDATA) and the input clock (RCLOCK) are 
-Sent to the CRC logic and also to the FIFO memory. When the 


AM-500 is in the Read mode, the RCLOCK and RDATA are selected 
by the multiplexer in the CRC Logic ^ 1.19) for checking by the 
§IRC module U2.3 and also entered into the serial input of the 
FIFO memory gated by the FSYNC output of the CRC logic. 


The Drive Status Buffer receives status information from the 
d i s k d r i ve and a.1. s o the erro r s i gna 1 £rom the CRC cb.ec k e r . 
When the CPU interrogates the disk status from the AM- 500 

I see tables 4~4 and 4 - b) , tile DRV STS output of the register 

select logic is low which transfers the status data from the 
d i s k d r i v e t o 11 1 e i. n t e r n a 1 d a t a b u s f o r 
I h e d a t a f o r m a t i s a. s f olio w s : 


t ra n s £e r to the CPU. 




4 


INDEX 

SECTOR 


ONCYLINDER 
SEEKERROR 


FAULT 


DRIVERBADY 


WRITEPROTECTED 


CRCERR 


5ee rab 1 e 2- 5 for a des crip t ion of the di sk in ter face s igna 1 s 
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4 . 1.9 F I FO MEMORY AND CONTROL, 

tiie FIFO Memory and Control circuitry consists of two 4-bit 
First-in-hirst-Out memory modules connected for a stack of 
r6 8-bit bytes. See paragraph 4,2.3 for a detailed description 
of the module. The FIFO memory is used for both disk read and 
write operations. it converts the serial data from the disk to 
parallel data for internal processing and transfer, and converts 
parallel data to serial, for disk write operations. The data 
Is transferred between the FIFO and. 1.K of the Random Access 
Memory (RAM) by the DMA controller. For memory full or memory 
empty conditions, the FIFO synchronizing logic makes the DMA 
service requests to the DMA controller to ensure that the 
DMA controller runs at the disk speed. 


4.1.10 DMA BUFFER, 

The DMA buffer is contained in the Random Access Memory (RAM) 
modules U5 and IJ6. .All data transfers to or from the disk 
memory must pass through this buffer. 


DMA requests (DREQO and DREQi) are generated by the DMA request 
latches on U16. For DREQO, the Data Write (DATWRT} command 
is received from the I/O command register, setting the DREQO 
flip-flop. The acknowledge from the DMA controller (DACKOj 


and the I/O Read (TOR) are combined, to reset the DREQO flip-flop 


D V 


n t n 


DR. 


DREQI flip-flop operates in a similar way; set by 


Data. Read (DATR.D) and -clocked by DIOW. Both, request flip-flops 


axe cleared by DMA Request Clear DRLCLR. 
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4,2 CIRCUIT MODULE DESCRIPTION. 

This stcfion describes the operation of the individual circuit 
packages (DIPS) -contained on the AM- 500 circuit board. Most -or 
the processing ss handled by the CPU and DMA controller modules, 
so these are described in detail. The control logic anJ Inters 


( a c e m o J u J. e s a r e a .1 s o d e s c r i b e d 
g r am s f o r e a ch on e . 


i th 1 obi c and c o nne c tion d1 a - 


4.2. ( CPU MICROPROCESSOR (1)19). 

i he- C PM microprocessor is a singlfi DIP module that handies the 
data, processing of the AM- 50 0 circuit board. 

Pi.gure 4-2 is a block. diagram of the CPU, and. Figure 4-3 details 
the internal register configuration which contains .208 bits 
of Read/ Write memory that are accessible to the programmer, 

I’he registers Include two sets of six general purpose registers 


that may be used individually as 8-bit re misters or 


I 6 -hit 


register pairs. There are also two sets off accunin 1 at o r and 
flag registers. The programmer has access to either set of 
main or alternate registers through a group off exchange instruc¬ 
tions , Phis alternate set aflows foreground/background mode 
of operation or may be reserved for very fast Interrupt response. 
Each CPU also contains a .1.6-bit stack pointer which permits 
simple implementation, of multiple level interrupts, unlimited 
subroutine nesting and simplification of many types of data 
,ii.an a i , 111 ^ » 


I'he two iO'-bit. index registers allow tabular data man i pul a t ion 
and easv implementation of relocatable code. The Refresh register 
p rov i des fo r au tomat .1 eg tota 11 y transpareat re fresh of ext e rn a 1 
dynamic memories. The I register is used in a powerful interrupt 
response mode to form the upper 8 bits of a pointer to an uxterrup 
service address table, while the interrupting device supplies 
t h e 1 o w e r 8 b i t s o ff t h e pointer, A n i n d .1 rect cal 1 i s t A e n m a d e 
t o t h I s s e r v i c e a d,d r e s s . 
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Figure 4-4 
contains a 



Figure 4-2, 


CPU Block Diagram 



GSNSflAl, 

miWPOSe 


Figure 4-3. CPU Registers 


shows the CPU pin in configuration and table 4 
list of the CPU signals. 
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Figure 4-4. 


C P U P i n C o n f i g u r a t i o n 
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AO - 

A 1 b 

cons 

11.1 

u t. e 

b us 

■ 1 ' 

he a 

ckir 

ess 

a. d d 

r ess 

f o r 

m e 

rno ry 

d a. t 

a e.x 

chan 

pea 

and. 

rl a t 

a e x 

chan 

ees 
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c o n 5 1 1 1 u t e a. a s - b i t 1 :) i d i r e 


1 1 o 11 a i cl a t a b us 


l ) 0 k.i Cl l- < J 0 12 


used, for data, exchange! with me me 
a n d. I / 0 d e v i c e s . 


0 u t p u t, ac t. i v e 1 o w . M1 
1 :hat. the curren t ma.ch in 
t h «s 0 P c: o d e f e t c h c y c . 1 . e 
i n s t r u c t i o n e x e c u t i o n r 


r I 

estate output. 

active io 

em 

o ry request sig 

1 11 a 1 i n i 3 .. l. 

h. e 

address bus he 

ilds a. val 

o r 

a. me m o r v r e a. d 

or memory 

pe 

r a 1 1 o n . 



i'ri -state output, act ive 1.ow . 

the 

IORQ signal 

i a d i c a t e s t h a t t Si e 

1- 0 to t/1. 

h a l £ o f t h e 

a d d r e s s bu s h o 1 d s 

a vs I i d 

I/O address 

for a I/O read or 

w r i te 

ope rat ion, 

An IORQ signal is 

also 

generated when an interrupt is 

b e i n g 

a c k n o w 1 e d g e d 

t o i n d i c a t. e t. h a t 

a n 































CPU Signal List 


SIGNAL 


’able 4-7 (Cent.) 


PIN 



RD 


MfcffORY 

READ 

WR 

MEMORY 

VRLTE 


RFS 

!. 1 

it 

E FRESH 




1 Tri-state output, active low, RD 
indicates that the CPU want§' to reaJ 
tl a t a f r o m m e m <3 r y o r a n I / 0 u e v .i. c e « 
The addressed I/O device or memory 
shouId use tliis s igna L 1:o gate dat:a 
o n t o t ii e C P U d a t a b u s . 


T r i - s t a t e o u t: p u t , a c t i v e j o w „ W R 
indicates that the CPU data bus 
holds valid data to be stored, in 
t h e a.ddressed memo ry o r I / 0 de v i ce , 


Output, active low. RFSH indicates 
t h a t t h e 1 o w e r 7 b i t s o £ t h e a J. d r e s s 
bus contain a refresh address for 
dynamic memories and the current 
MREQ signal should be used to do a 
refresh read to all dynamic memories 



0 u t p u t, act i. v e 1 o w . H A1,1 i. n a i c a 
that the CPU lias executed a HALT 
s o f t w are i n s t r u c t i o n a n d i s aw a i 
e i t h e r a n o ri m a s k a fa 1 e or- a rn a. s k a b 
i n t e r r u p t (w i t. h t h, e m a $ Ik. e si a b L e d 
before operation can resume, Wh 
halted, the CPU executes NOP \g: t 
maintain memory refresh activity 






















Tab 1 e 4-7 (Cont.) . CPU Signa 1 List 
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Table 4-7 (Cant.) . 


CPU Signal List 



1.2.1. 1 IN ST RUC T 1 0 N 0 P-C 0 DE FETCH. 

The program counter content. (PC) is placed on the address bus imme¬ 
diately at the start of the cycle. One half clock time later MREQ 
goes active. The falling edge of MREQ can be used directly as a 
chip enable to dynamic memories, RD when, active indicates that the 
memory data should be enabled onto the CPU data bus . The CPU .samples 
data with the rising edge of the clock state T3. Clock states 13 
and. 14 of a. fetch cycle are used to refresh dynamic memories while 


th e CPU is inte r nallv de c oding a n d ex e cuting the inst r u c t i on. 


The 















refresh control signal RESIT indicates that a refresh read of all 
dynamic memories should be accomplished. 



4.2.1,2 MEMORY READ OR WRITE CYCLES, 

Illustrated here is the timing of memory read or write cycles 
othe r than an OP code fetch (Ml cycle). The MREQ and RD 
signals are used exactly as in the fetch cycle* In the case 
of a memory write cycle,, the MREQ also becomes active when 
the address bus is stable so that it can be used directly - s 
a chi p enable for dynamic memo vies , Th e W R 1 i n e i s act iv s 
when data on the data bus is stable so that it can be used 
directly as a R./W pulse to virtually any type of semiconductor 
memory . 
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4,2,1.3 INPUT OR OUTPUT CYCLES. 

illustrated here is the timing for an I/O read or I/O write opera- 
1 1 a n , Li once t h a t du r i n g 1 / 0 o p e r a t i o n s a s i n g 1 e w ait s t a. t; e i, s 
automatically inserted (Tw*). The reason for this is that during 
L/0 operations this extra state allows suf Pic lent time fo; 
port to decode its address and activate the WAIT line If a wait 
is required. 



4,2, 1,4 INTERRUPT REQUEST/AC KNOWLEDGE CYCLE. 

The interrupt signal is sampled, by the CPU with the rising edge 
of the last clock at the end of any instruction. When an inter* 


r up t 


s accep ted , a spec I a. 1 MI. c y cIe is generated, During thi s 


M1 ey cIe , t he 10RQ signal hecomes act i ve ( in.s tead of MRE0 ) to 
indicate that the interrupting device can place an 8-bit vector 
on the data bus. Two wait states (Tw*) are automat icaLly added, 
to this cycle so that a ripple priority interrupt scheme, such 
as the one used in the peripheral controllers, can bft easily 


..mp 1 emeu ted. 
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4.2.1, :S CPU INSTRUCTION SET. 

The fo.l lowing is a summary of the CPU instruction 
assensb 1)• 1 ariguage mneinonic a.nd the svrnbo 1 i c opera.t 
by the instruction. The ins truetlogs are divided 


set showing the 
Lon per formed 
i. n t o t h e f o 1 -- 


g §, 

a t f 

go 

ries ; 



8-b 

11 

1 o 

a d- s 



I 6 - 

b 1.1 

i 

.4. 

o ads 



E x c 

h an 

ge 

s 



Mem 

o rv 

B 

1 o cbk 

Mo v e 

s 

Me rn 

Wry 

B 

lock 

S e 11 r 

c h e s 

8-b 

.i. t 

ar 

i thme 

t i c 

an d 1 o g i d; 

1 6 ~ 

b j. t 

3 

ri thn 

etic 



G e n e r a 1 p u r p o s e A c c u m u 1 a t o r 
5 F1. a g 0 p e r a t ions 


M i s c e 11 a n e o u s G r o up 

R o t a t e s a n d S h i f t s 

B _i t S e t , L< e set a n. <i l e s t 

I n p u t a n d 0 u t p u t 

J ump s 

Cal Is 

Res tap:'ts 

Re t urns 


in the tabie the following terminology is used. 


a bu number m any 8-bit register or memory 

d 

3| .mi 8-bn destination regisiei oi ripmoty location 

I oca 

lion 

dd 

= any 164m destination register or memory local ion 

flag 

condition code 

£ 

= 845H signed Ts complement displacement used in 

HZ 

= non zero 


relative jumps and indexed addressing 

Z 

'= zero 

L 

c 8 special call locations in page zero. In decimal 

NC 

s non carry 


notation these are 0. 8, 16. 24. M. 40, 48 and 56 

C 

w carry 

n 

= any 8-bit binary number 

PO 

= Parity odd or no over flow 

mi 

= any i6-bit binary number 

Pt 

= Parity even or over flow 


£ any 8-bil general purpose register ( A. B. C, D, fc. 

p 

= Positive 


H.orL) 

M 

= Negative (minus) 

s 

•=• any 8-hit source regisiei or memory location 



s b 

£ a bit m a specific 8-bit register or memory jocatioh 



ss 

= any 16-bit source register or memory location 


subscript “IF = the low order & bits of a 16-btl register 
subscript ”H' = the high order 8 bits of a i6-bit register 

l j = the consents within the ( ) are to- be used as a 

pointer to a memory location or I/O port number 
8-bit registers are A, B, C. D, E, HI L, I and R 
16-bit register pairs are Aft BC. DEL and HL 
1 to-bit registers are SP. PC. LX and IY 

Addressing Modes implemented include combinations ol 


the following. Immediate 

Indexed 

Immediate extended 

Register 

Modified Page Zero 

Implied 

Relative 

Register Indirec 

Extended 

Bis 
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"able 4-8. CPU Instruction Set 


Mnemonic 

LD ipr 

ID cl r 

8-BIT LOADS ID a.n 
LD A. s 
LD d, A 


s = 

r. n 

. (HL) 

(?X 

+e ). 

!! Y+e) 

d x 

(HI 

..). r 

(SX+e 1, 

! [ Y+e) 

d = 

(HI. 

J. 

ox 

+e). 

(lY+e) 

s s 

(BC 

i (DE) 


i6-BIT LOADS 


EXCHANGES 


MEMORY BLOCK MOVES 


LDdd.nn dd *- nn 

LD dd,(nn) dd <-(nnI 

LD(nn), ss (nn) - g 

LD SP, ss SP — ss 

PUSH ss (SP-! ) «- ssj.^, (SP-2 t -■ SS| 

POP dd ddj_ * (SP). dd H - (SP+ ! ) 


EXDE.HL DE-HL 
EX AF. AF' AF AF' 

EXX / BC \ /BC'\ 

| DE | ( DE I 

\HL/ \HL'/ 

EX cSP) ss (SP) ■ ■ SS| . (SP+ i ! - - ssj_| 

LDI (DE) - (HD. DE - 

HL. <- HL+i BC — I 
LDIR (DE) --(HL). DE - 

HL - HL+I. BC - i 
Re pea! until BC' = C 
(DE) «- (HL). DE - 
HL - HL- i .BC % i 
(DE) - (HU. DE - 
HL - HL-i. BC - I 
Repeat until BC = 0 


dd == BC. DE, 
HL. SP. IX. IV 
ss = BC. DE, 
HL, SP. IX. IV 
ss= HL, IX. iY 
ss - BC. DE. 
HL, AF. IX. IY 
dd = BC . DE. 
Hi... AF. IX. IY 






i-bie 4-8 (Cont. ) , CPU Instruction. Set 


MEMORY BLOCK SEARCHES 


8-BIT ALU 


I 6-BIT ARITHM AT1C 


GP ACC. AND I-LAG 


Mnemonic 

1 .. . . •' .. 

Symbolic Operation 

Comments 

CPI 

A-(HL). HL *- HL+1 



BC - BC-I 


CPIR 

't l HI. i. HL - HL.+ i 

A-(HL) sets 


BC £- BO-1, Repeal 

the flags only 


until BC = 0 or A = (HL..} 

A is not affected 

CPD 

A-i'HU, 14L *- HL-1 



BC - BC-1 


CP DR 

A-(HL), HL - 141. -1 



BC - BC - i. Repeal 



until BC= 0 or A = (HL) 


ADD s 

A A + :S 


ADC s 

A A 4 s + CY 

CY is the 

SUBs. 

A *" A - s 

carry flag 

SBC s 

A •*- A - s -- CY 

5- = r. n. (HL) 

AND s 

A — A A s 

(IX+e), CfY+e) 

OR s 

.4 A V s 


XOR s 

- 

A A ® s 


O’ s 

A - s 

s = r. n (HL. ) 

1 


(IX+eL (lY+e) 

1 NX d 

u * d + 1 




d - !, (HL) 



(IX+e), (lY+e) 

DEC d 

d — a -1 


ADD HL, ss 

HI. HL. * ss 

1 


A LX" HL, ss, 

HL - HL + ss -i CY 


^ ss s BC, Dt 




r HL,SP 

SBC HL, ss 

HL * HL - ss ■■ C V 



ADD IX. ss 

1 X * 1 X + SS 

ss — BC. DE, 



IX. SP 

ADD 1Y. ss 

IY • IY « ss 




IY.SP 

INC dd 

dd dd + ! 

dd sBCL DE. 



HL. SP, IX. IY 

DEC dd 

dd *- fid - i 

dd ss BC, DE, 



HL,SP.IX,IY 

DA A 

Converts A contents into 

Operands must 


packed BCD following add 

be in packed 


or subtract 

BCD format 

CPL 

A <- A 


NEC 

A < 00 - A 


CC F 

CY • CY" 


SC F 

CY « 1 
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a d j, e 


( Con t 


CPU 1 nst t tf'Gt ion Se 


AND Olfp’UT 


JUMPS 


CALLS 


RtS'i ARTS 


Rt TURNS 


r-- -— 1 

Mnemonic 

. ’"i 

Symbolic Operation 

Comments 

OUT(rt), A 

(n) - A 


OUT(C| r 

1CH- r 


OUT! 

(€)- (HI ). HL - HL + 1 

8 - B - 1 


OT! R 

CC)"- (HL), HL - HL +■ 1 

B - B - 1 

Re pea! until B * 0 


OUTD 

(Cl-(HU, HL % HL - i 

B - B - 1 


OTDR 

(CU (HU. HL - HL* 1 



B <- B-l 


! 

Repeat until B - 0 


JP nn 

PC — nn 

(NZ PO 

JP cc. rin 

if condition cc is true 

PC — nn, else continue 

J Z PE 
cc S NC P 

! JR « 

PC - PC + e 

l^C M 

JR kk.e 

It condition kk is true 

PC «- PC + e, else eorumue 

. . / NZ NC 

v <■ 

.IP (ss> 

PC - ss 

ss - HL, IX. 1Y 

DiNZ c 

1 

B — B - 1. iS B = 0 
continue, else PC - PC' + e 


1 CALL nn 

(SP-I)-PC H 

|SP-2 > - PCj . PC <- nn 

f'NZ PO 

1 Z. PE 

| CALL ct\ nn 

If condition cc is false 

cc < NC p 


continue, else same as 

CALL nn 

[c M 

RST t 

■ (SP-1) - pc h 
(SP- 2) — PC j PC H ^ fi 

PC, - L .' 


:"ret 

K\ -(SP), 

PC H — (SP+ I) 


RET cc 

If condition a: is false 

f NZ PO 


continue, else same as RET 

j Z Ft 

RET! 

Return from interrupt, 
same as RET 

CT S N(. P 

K M 

REIN 

Return from non¬ 
maskable interrupt 

1 

L .. J 
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4.2.2 DMA CONTROLLER (U20). 

This device is a multimode Direct Memory Access (DMA) controller 
for microprocessor systems. it enhances system performance by 
allowing other devices to directly transfer information to or from 
memory or to transfer data from one memory to another. Figure 4-5 
shows the DMA controller connections and Table 4-9 lists these 
signa1s with t h eir functions. 


The three basic transfer modes allow programmability of the types 
of DMA service by the user. Each channel can be individually pro 
grammed to Autoinitialize to its original condition following an 
End of Process (EOF)„ 


Each channel has a full 64K address and word count capability. 

An external EOF signal can terminate a DMA or memory-to - memory 
transfer. This is useful for block search or compare operations 
using external comparators or for intelligent peripherals to 
abort erroneous services. 


CONNECTION diagram 
T op View 


R5S 

itss 

alHS 

(NOTE <1! 
HS-A DV 
HACK 
ADSTi 
AEM 
HREG 

m 

CI.K 

RESET 

oack?. 

DACK.1 

oagQj 

DRF.Q 1 

DREOO 

vss 



A 7 

A6 

45 

A4 

fToP 

A3 

A3 

A? 

AO 

V/CC l-BV) 

D80 

OB* 

D8? 


OB4 

DACKO 

OACK.7 

DBS 

DB6 

OB 7 


Figure 4-5. DMA Controller Connections 
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DMA Con,1 1 "o 11 er S:i.gn.a 1 L .1 s t 


' ah I e 4 - 9 


.-— 

| SIGNAL 

PIN 

FUNCTION 

i v i_, c 

1 

■ 

+5 Volt Supply 

VSS 

20 

G to u;n d 

CLK 

CLOCK, INPUT 

1 7 

This input controls the internal, 
operations of the DMA Controller 

and its rate of: data, transfers, Lhe 

input may he driven at up to 3MHz 

for the standard DMA Controller and 

up to 4MHz tor the DMA Controller. 

CS 

CHIP SELECT, INPUT 

i 

} 

\ 

\ 


Chip Select is an active low input 
j used to s e 1 ec t t he DMA C <m t ro i. 1 e f 

as an I/O device during the Idle 

cycle. This allows CPU communi* 

c a t i o rt o n t h e d a. t a b u s , 

RESET 

RESET, INPUT 

13 

Reset is an asynchronous active 
high input which clears, the Command, 

S t. a t u s , Request an d T e in p o r a r y r e g i s * 

t ers. It a. 1 s o c 1 e a r s t h. e f i r s t / 

last flip/flop and sets the Mask | 

register. Following a Reset the 
device is in the Id 1 e cyc 1 e. 

READY 

READY, INPUT 

6 

Ready is an asynchronous input used 

to extend the memory read and write 

s 

p u 1 ses t r om th e DMA Controlie r t o 

a. ccommoda.te s 1.ow memo r i es or I / 0 j 

peripheral devices, J 
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Table 4-9 (Cent 

. ). DMA Contro11er Signa1 List 

SIGNAL 

■ 

L J 

j—| 

5; 

HAC K 

HOLD ACKNOWLEDGE, 

INPUT 

7 

The active high Hold Acknowledge from 

the CPU indicates that control of the 

s y stem b u s e s h a s b e e n r e 1. <1 n q u i s h e d „ 

DREQ0-DREQ3 

19, 

The DMA Request lines are individual 

DMA REQUEST, INPUT 

1.8, 

l 7 , 

16 

asynchronous channel request inputs 
used by peripheral circuits to 

obtain DMA service. In Fixed Prior- 


i.ty, DR.EQO has the highest, priori ty 
and. DR.RQ3 has the .latest priority. 

A request is generated by activating 
the DREQ line of a channel. PACK, 
w i 1 i a c It n o w 1 e d g e t h e r e c o g n i 1 1 o u o f 
t. h e D R E 0 s i g n a 1 „ P o 1 a r 1 1 y o f 1.) RE 0 
is programmable. Reset initializes 
thes e .1 j.nes to ac 1 1 ve high . 


T h e D a t a B u s 1 i n. e s a r e b i cl i r e c t i o n a .1 
t.hree - s t ate s i gna.1 s connecte J to 
the system data bus. The outputs 
are enabled in the Program Condition 
during the I/O Read to output the 
cont ents of an A duress r e gister, a 
S t a t u s r e g .1 s t e r , the T e in p o r a ty 
regi s te r or a Wo rd Coun t regis t e r 
to the CPLi. The outputs are dis¬ 
abled and the inputs are read during 
an I/O Write cycle when the CPU is 
P r o g r a mm. i n g t h e D MA c o o t r o 11 e r c o n - 
trol registers. During DMA cycles, 
the most significant eight bits of 


DB0-DB7 
DATA BUS, 

INPUT/OUTPUT 


30 
2 9 
2 8 
2 7 
2 6 
2 3 
22 






















able 4~9 (Cont.}. DMA Controller Signal List 



/u WRITE, 
NPUT/OUTPin 



the address are output onto the data 
bus to be strobed into an external 
1 a t c h b y A D S T B , I n. m e mo r y -1 o - m e mo r y 
operations,data from the memory 
cornel into the DMA Controller on 


: h e d a t a b u s du r i n g t h e r e a d - f r o in - 


rn err! o rv t r an s f e r 


In the #r i te- to¬ 


me mo ry transfer, the data bus cfutputs 
place the data into the new memory 
local ion, 


I/0 Read is a b idirect i ona 
1 o w f th re e - s t a t e 1 i n. e , 1 n 

cycle, it is an input cent 
used by the CPU to read th 
r e g i s t e r s , I n t h e A c t i v e 
is an output control sign a 
the DMA Controller to acre 
from a peripheral during a 
W1 i te traits fe r . 


9 ! I/O Write is a b idirect lonai, act lv 


low, three-state line 


In the t. d. 


c y c 1 e, i t i s a n i n p u t c o n t r o 1 s i g n a 
used by the CPU to load in formatio 
into the DMA Controller. In the 
■Active cvcle. it is an output contr 
s i g n a 1 used b y t. h e DMA C o n t r o 1 L e? t 
1 oad data to the periphtra1 during 
a D M A R e a. d t r a n s f e r . 




















Table 4-9 (Cent.). DMA Controller Signal List 


SIGNAL 


END OF PROCESS 
IN PUT/'OUTPUT 



36 EOP is an active low, bidirectional 
signal, fnformat ion concerning the 
completion of DMA services is avail¬ 
able at the bi-directional End of 
Process (EOP) pin. The DMA Con¬ 
troller allows an external signal to 
terminate an acti v e DMA service. 

This is accomplished by pulling the 
E 0 P i np u t 1 o w w i t h an e x t e r n a 1 E 0 P 
sign a1. The DMA Contro11er a1s o 
generates a pulse when the terminal 
count (TO for any channel is re a die 
This generates an E0P signa. 1 whieh 
is output through the EOP 1 Ln.e. The 


r e c e ption o £ EOP, eit h a f 


nternal or 


externa1, w 1 11 cause the DMA Contro1 
ler to terminate the service, reset 
the requestj and i f A u toini t i a 1 i ze 
is enabled, to write the base regis- 
te rs to the cu.r rent regi sters o f tha 


charm ei 


The mask: bit and 1C bit in 


the status word will be set for the 
currently active channel by BOP 
unless the channel is programmed for 


Autoinitializ e. 


In that case, the 


mas k b i t retna i n s c 1 ear. 


> II l- „L i 1 


memory- to-memor y trans te rs , E0P vi .1. 
be output when the TC tor Channel 1 


occurs 
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Table 4-9 (Cont.), DMA Controller Signal List 



A ^ .1 A 
-t- *4- 















AEN 

ADDRESS ENABLE, 
OUTPUT 


DMA Controller Signal List 


FUNO'S LON 


f h e A ci cl r e s s E n a. b 1 e i s an a c t i v e h 1 g h 
level used to enable the output of 
the external latch which holds the 
upper byte of address, and to disable 
the system bus during the DMA cycle. 
Note that during DMA transfers, HACK, 
and AEN should be used to deselect 
a 1.1, o t h e r I / 0 p e r i p h e r a 1 s w h i c h in ay 
e, r r o n e o u s 1. y h e a c c e s s e d a s p r o g r a m m e d 
1/0 during the DMA operation. The 
DMA C on t r o 11 er au t o m at i ca 1 1 y d e - 
s e 1 e c t s 11 s e 1 f du r i, n g DMA t r a n s f e r » 


The active high Address Strobe is 
used to strobe the upper address 
b y t e i n t o an e x t e r n a 1 1 a t c h . 


The Memory Read signal is an active 
low three-state, output used, to 
access data from the selected me mo re¬ 
location during a DMA Read or a 
memo ry- to- memo ryt trass fe r. 


The Memory Write signal is an active 
]ow three-state output used to wr11e 
d a t a t o t h e s e 1 e c t e ci m e m o r y 1 o c a. t i o n 
during a DMA Write or a memory-to¬ 
rn e rn o r y t. rans fe r . 
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DMA CONTROLLER FUNCTIONAL DESCRTPT[ON, 


The DMA Controller block diagram shown In Figure 4-6 includes 
the major logic blocks and all of the Internal registers. The 
data interconnection, paths are also shown. Not shown are the 
various control signals between the blocks. The DMA Controlle’ 
contains 344 bits of internal memory in the form of registers. 


ir i e u r e 4 - 


i. s t s 


tese registers by name and. shows the 


ach* A detailed description of the registers and their 


i un c 11 o n s c an b e 


o un d un d e r R e g i s t e r D e s c r i p t i o n . 


fable 4-1.0. DMA Controller Internal Registers 


f '"' u ' ■ ■ • ■■■ “ .. .......... 

N&m® 

Size 

Number 

Base Address Registers 

16 bits 

4 

Base Word Count Registers 

16 bits 

4 

Current Address Registers 

16 bits 

4 

Current Word Count Registers 

16 bits 

4 

Temporary Address Register 

16 bits 

1 

Temporary Word Count Register 

16 bits 

1 

Status Register 

3 bits 

1 

Command Register 

8 bits 

1 

; Temporary Register 

8 bits 

1 

j Mode Registers 

6 bits 

4 

| Mask Register 

4 bits 

i 

i Request Register 

4 bits 

i 
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The DMA Controller contains three basic blocks of control logic. 

The Timing Control block generates internal timing and external 
cont. rol signals tor the DMA Controller. The Prog ram Command Con- 
troi block decodes the various commands given to the DMA Control!e. 
by the microprocessor prior to servicing a DMA Request, It also 
decodes the' Mode Control word used, to select the type of DMA 
during trie servicing. The Priority Encoder block resolves 
priority contention between DMA channels requesting service 
s i inu 11 an e o u s 1 v. 


(lie liming C o nt r o 1 block deri v es internal tiift i ng f r o m the c, 1 o c k 
i n p u t „ 


4.2.2,f DMA OPERATION 

The DMA Controller operates in two major cycles. These are called 
Idle and Active cycles. Each device cycle is made up of a number 
of states. The DMA Controller can assume seven separate states, 
each composed of one ful1 clock period. State 1 (SI) is the 
inactive state. It is entered when, the DMA Controller has no 
valid DMA requests pending. While in SI, the DMA controller is 
inactive but may be in the Program Condition, being programmed 
by the processor. State 0 (SO) is the first state of a DMA service. 
Ih.e DMA Cont ro 11 er has reques ted a hold, but the pro.ces sor has not 
yet returned an acknowledge. An acknowledge from the CPU signals 
tliat transfers may begin. Si, S2, S3 and S4 are 'working states of 
the DMA service. If more time is needed to complete a transfer 
than is a.va i 1 a.b 1 e w i th norma 1 timing , wa.it. s tates (SW ) can be 
inserted between S2 or S3 and 54 by the use of the Ready line on 
the DMA Contro11e r. 

Memory- to-memory transfers require a read- from and a write-to - 
memory to complete each transfer. The states, which resemble the 
normal working states, use two digit numbers for identification. 
Eight states are required for a single transfer. The first tour 


4 - 4 7 





states (SI!, SI 2, SJ 3 * SI 4) are used for the read-from-memory 
half and the last four states (S21, S22, S23 and S24j for the 
write- to-memory half of the transfer. 


4,2, 


1DLL CYCLE, 


When tio channel is requesting service, the DMA Coat roller will 
enter the idle cycle and perform "31" states. In this cycle, 
the DMA Controller sa.mpl.es the DREQ lines every clock cycle to 
determine if any channel is requesting a. DMA service. The device 
also samples CS, looking for an attempt by the microprocessor to 
write or read the internal registers of the DMA Controller, When 
CS is low and HREQ is low; the DMA Controller enters the Program 


T h e C P U c a n n o w e s t a b 11 s h, c h an # e o r i n s p e c t t h 


Condi11 on, 

internal! definition of the p>art by reading from or writing to the 
internal registers. Address lines AO-A3 are inputs to the device 


I o 


: 1ect which 
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t e r s 
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re a d or wr111en. 

ihe I. OR 
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: number and. 
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th e i n t e r n a 

,1 registers, an 
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f !. i p / £ 

lop 

i a us e d t o ge ne r a t e an 
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b i t o f a d d r e s s , 

b i. t I. S 

us e 

d to determine the uppe 

f or lower 

byte of the ]o~b 

A.ddres 

s an 

d Word Count regis ter3, 

The flip/ 

flop is reset Q/ 

Mas ter 

Cie 

ar or Reset, A separat 

e software 

command can. d so 

r e s e t 

t h 1 S 

•iip/flop. 




Spec Lai software commands can be executed by the DMA Controller 
in the Program Condition. These commands are decoded as sets of 
addresses with CS and ToW, The commands do not make use of the 
data bus. Instructions include Clear First/Last Flip/Flop and 
M a s t e r C1 e a t, 

4.2'0.4 ACTIVE CYCLE 

When, the DMA Controller is in the Idle cycle and a channel 
requests a DMA service, the device outputs a. "HREQ to the micro¬ 
processor and enters the Active cycle. It is in this cycle that 
the DMA service takes place in one a f three modes; 
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Si ngle Transfer Mode, In Single Transfer mode, the device 
grammed to make one transfer only. The word count is deer 
and the address decremented or incremented following each 
When the word count goes to zero, a Terminal Count (_ fC | can 
Autoinxtialize if the channel has been programmed to do so 


is pro- 
q me n t. e ci 
1.1 <in s t e 
ses an 


IfSHQ must be held active until DACK becomes active in order to be 
recognized. If DREQ is held active throughout the single t rails ie 
HREQ goes inactive and releases the bus to the system. It will 
again go active and upon receipt of a new HACK, another single 
transfer is performed.. In 8Q8QA/9080A systems, this will ensure 
one full machine cycle execution between DMA transfers, 

Block Transfer Mode . In Block Trans ter mode, the device is acti¬ 
vated by DREQ to continue making transfers during the service 
until a TC, caused, by the word count going to zero, or an externa 
h n d o f P r o e e s s (E 0 P ) i s e n c o un t e r e d. D RE Q n e e d o n 1 y b e h e 1. d 
active until DACK becomes active. Again, an Auto Initialize occurs 
at the end of the service if the channel has been programmed for 


D ema nd Tra nsfer Mode . In Demand Transfer mode, the device is 
programmed to continue making transfers until a TC or external 
EOF is encountered or until DREQ goes inactive. Thus transfers 


may continue until, the I/O device has exhausted its data capac. 
A f te r th e I /0 devi ce has had a cha n ce to ca.t.ch up , th< 


illy 


i\ s e r - 


vice is re-established by means of a. DREQ. During the time 
b e t w e e n s e r v i. c e s w hen t h e rn. i c r o p r o c e s s o r is all o w e d t. o o p 5? r a t c 
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TRANSFER TYPES 


F a c h o f t. h e t h r e e a c 
t yp e s o f t r ans f e r s , 
t ranst ens mo ve data 
MEMW and TOR. Read 
d e v 3 c e b y s c 1 1 v a 11 n. g 
t r a n a t e r s T h e DMA 

t r a, n s f e r s g e n e r a t i n g 
H o w e v c r , t h e m e mo r y 
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einory-to-Memory . To perform block moves of data from one memory 
address space to another with a minimum of program effort and 1i in 
tne DMA Lout roller includes memo ry-to-memory transfer feature. 
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A ft e 

is true, the device, using eight-state transfers in Bloc 
ter mode, reads data from the memory. The channel 0 Cut 
Address register is the source for the address used and is 
decremented or incremented in the normal, manner. The da ta byte 
read from the memory is stored in the DMA Controller internal 
Tempo r|6ry register. Channel 1 then writes the data from the 
Temporary- register to memory using the address in its Current 
Address register and incrementing or decrementing it. in the norma 
manner, The channel. 1 Current Word Count: is decremented,. When 
the word count of -channel 1 goes to zero, a. TC is generated 
causing an HOP output terminating the service. 


Channel 0 may be programmed to retain the same address for all 
transfers. This alloys a single word to be written to a block 
o f memory ,. 


The DMA Controller responds to external EOP signals during memory 
to-menifry transfers. Data comparators in. block search sememes 
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may use this input to terminate the service when a match is found 


Au to i n i t i al i z e , By programming a bit in the Mode register, a 
channel may be set up as an Autoinitializa channel. During Auto- 
initialization, the original values of the Current Address and 
Current Word Count registers are automatically restored from the 
Base Address and Base Word Count registers of that channel 
following EOF, The base registers are loaded, simultaneously 
with the current registers by the microprocessor and remain 
unchanged throughout the DMA service. The mask bit is not. set 
w h e n t. h e c h a n. n e 1 .1 s i n A u t o i n i tialize. F o ,1.1 o w i n. g A u t o i n i t i a I i ze , 
the channel is ready to perform another service without CPU 
mterven t.ion . 


P riority . The DMA Controller has two types of priority encoding 
ava.ila.ble as software selectable options. The first is Fixed 
Priority which fixes the channels in priority order based upon 
the descending value of their number. The channel with the 
lowest priority is 3 followed by Z, :! and. the highest priority 
channel, 0, After the recognition of any one channel for service 
the other channels are prevented from interfering with that ser- 
v iee un t. i 1 11 is complete . 


The second scheme is Rotating Priority. The last channel to get 
s e r v i c e b e c o m e s t h e 1 owes t p r i o r i t y c h an ri e 1 w i t h t h e o t h e r s 
rotatin g accordingly. 


1st Service 2nd Service 3rd Service 

highest 0 7 

1 service™, 3 

2 N^O 

I o west 3 1 

With Rotating Priority in a single chip DMA system, any device 
requesting service is guaranteed to be recognized after no more 
than tla ree higher p r i or i ty services ha v e occur red. This p re vents 

any one channel from monopolizing the system. 
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bits to an external latch from which they may be placed on the 
address bus. The falling edge of Address Strobe fb\I)5TB) is use 
to load the a®, bits from the dan a. lines to the latch* Address 
E n a b L e ( A b N ; 


tn rougn a 
a r e o u t p u t 


. h r e e - s t a t: e e n a b 1 e F h e 1 o w e r o r d e r a d d r e s s b t t s 
d. -i r e c t L y . Li n e s A 0 - A l 7 s h o u 1 d b e c onne c t e J t o t h e 


During Block and Demand Transfer mode service 
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t h e n. o r m a i. s e q 1 i e n c e o f 
transfers ? the DMA Controlie 
e ,x e c u t e s S l s t a t e s o n 1 y w h e n u p d a t i n g of A 8 - A15 i n t h e 1 a t: c h i s 
aecesifiary. This means for long services, SI states may occur 
only once every 25b transfers, a savings of 255 clock cycles 
for each 256 transfers. 


4 . 2 . 2,6 REG I STER DESCR IPTI ON . 

Current. Address Register , Each channel has a £6-bit Current 
Address register. This register holds the value of the address 


u s e d dtir i. ng DMA t r a n s £ e r s 


is automatically lucre- 


The address 








merited or decremented after each transfer, and the intermediate 
tallies of the address are stored in the Current Address register 
during the transfer. This register is written or read by the 


microprocessor in successive 8-bit bytes. It may also be 
reinitialized by an Autoini tial'i ze back to its original va 
Autoinitiallzation takes place only after an EOF. 


ue , 


Cur re nt Word Count Register , bach channel has a 16-bit Current 
Word Count register. This register holds the number of transfers 
to be performed. The word count is decremented after each trans¬ 
fer. The intermediate value of the word count is stored in the 
register during the transfer. When the value in the register 
goes to zero, a TC is generated. This register is loaded or 
read in successive 8-bit bytes by the microprocessor in the 
Program Condition. Following the end of a DMA service,it may 
a 1 so be r e 1 n i t i a l i z e d b y an A u t. o i n i t i. a 1 f z e b a c k t o L t s o r i g i. n a I 
v a 1 u e , A u 1: o i n i t i a 1 i z e c a. n o c c u r o n 1 y when an E 0 P o c c u r s . 


na: 
i e 


a 


Base A ddress and Base Word. Count Registers . E 

pair of Base Address and Base Word Count registers. These 16 -bit 
registers store the original values of their associated current 
registers. During Autoinit i alize, these values are used to res tor 


the current, 
are 'written 
register in 
processor. 


registers to their original values. The base register 
simultaneously with their corresponding current. 

8 -bit bytes in the Program Condition by the micro- 
These registers cannot be read by the microprocessor. 


Co mm a n d R e gis ter . This 8-hit register controls the operation of 
the DMA Controller. It is programmed by the microprocessor in the 
Program Condition and is cleared by Reset:. See Figure 4-7 tor 
the function of the command bits and Table 4-11 for address coding 




Sit Number 



Memory-to-memory disable 
Memory-to-memory enable 

Channel 0 address hold disable 
Channel 0 address hold enable 
If bit 0 0 

Controller enable 
Controller disable 

Normal timing 
Compassed timing 
If bn 0 - 1 

Fixed Priority 
Rotating Priority 

Late write selection 
Extended write selection 
J f bn 3 1 

0 R h0 sense $clive high 
DREG sense active low 

OACK sense active ! ow 
DACK sense act i we high 


i g u r e 4 - 


DMA C o n t r o 11 e r C o mm a n d B i t s 
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Table 4-11 


DMA Controller Word Count 


and Address Register Command Codes 


Channel 

Register 

Qp<f*r 



Signals 




internal 

Data Bus 








Flip/Flop 

DBQ . DB? 

CS 

SQR 

SOW 

A3 

A2 

A1 

AO 

0 

Base & Current 

Write 

0 

•s 

? 

0 

0 

0 

0 

0 

0 

AO-A 7 


A{ 3 cl ress 

0 

1 

0 

0 

0 

0 

0 

1 

A8-A15 


Cut rent 

Read 

0 

0 

t 

0 

0 

0 

0 

0 

AO-A 7 


Address 

0 

0 

1 

0 

0 

0 

0 

1 

A8-A15 


Base St” Current 

Write 

0 

1 

0 

0 

0 

0 

1 

0 

WO-W? 

j 

Word Count 

0 

1 

0 

0 

0 

0 

1 

1 

W8-W15 


Current 

Read 

0 

0 

1 

0 

0 

0 

1 

0 

WQ-W? 

W8-W15 


Word Count 

0 

0 

1 

0 

0 

0 

1 

? 

1 

Base St Current 

Write 

0 

1 

0 

0 

Q 

1 

0 

0 

A0-A7 

Address 

a 

1 

0 

0 

0 

1 

0 

1 

A8-A15 

| 

Current 

Read 

0 

0 

1 

0 

0 

! 

0 

0 

AO-A 7 


Address 

0 

0 

t 

0 

0 

1 

0 

1 

A8-A15 


Base & Current 

Write 

0 

! 

0 

0 

0 

1 

] 

0 

WOW? 


Word Count 

0 

1 

0 

0 

0 

1 

1 

1 

W8-W15 


Cuf renl 

Read 

0 

0 

? 

0 

0 

f 

1 

0 

WOW? 

W8-W15 


Word Count 

0 

0 

! 

0 

0 

1 

1 

1 


Base Sr Current 

Write 

0 

1 

0 

0 

T 

0 

0 

0 

AO A 7 

2 
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0 

1 

0 

0 

1 

0 

0 

1 

A8-A15 i 


Current 

Read 

0 

0 

! 

0 

1 

0 

0 

0 

AO- A 7 


Address 

0 

0 

1 

0 

1 

0 

0 

1 

A8-A ? b 


Base & Current 

Write 

0 

1 

0 

0 

1 

Q 

1 

0 

wo-w? 


Word Count 

0 

1 

0 

0 

1 

0 

1 

t 

W8-W15 


Current 

Read 

0 

0 

1 

0 

1 

0 

1 

0 

WO-W 7 


Word Count 

0 

0 

1 

0 

1 

0 

1 

1 

W8-W15 
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Base & Current 

Write 

0 

1 

0 

0 

1 

1 

0 

0 

AO-A 7 


Address 

0 

1 

0 

0 

1 

1 

0 

1 

A8-A15 
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Read 
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0 
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0 

AO-A 7 
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Base & Current 
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1 
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WO-W 7 


Word Count 
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1 
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WQ-W7 


Word Count 
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1 
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7 6 5 4 3 2 10 * 



*--6ft Numbei 

(X) Channel 0 select 
Qt Channel \ select 

10 Channel 2 select 

11 Channel 3 select 
00 Verify transfe* 

01 Write nans ter 

10 React transfer 

11 Illegal 

XX if bits 6 an a 7 I 1 

0 AutomiTiahie disable 
1 Autoinrt:a(;ze enabl** 

0 Address increment select 
‘1 Address decrement select 

00 Demand mode select 
01 Singlet mode select 

10 Block mode select 

11 Cascade mode select 


r i h ure 


DMA Controller Mode Re Rioter Bit; 


a s s o c i t o d 
ffi i. c ro- 
l n o ■ h i. 1 / j 
for the 
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The DMA Controller can respond to requests 


Re ques t Register , 
for DMA service which are initiated by software as well as by 
a DREQ. Each channel has a request: bit associated with it in 
t h e f o u r b i t. R e q u e s t r e g i s t e r . T h e s e a r e n. o n m a s k a. b 1 e a ad s u b - 
iet t to prioritization by the Priority Encoder network. Each 
register bit is set or reset separately under software control 
or is cleared upon generation of a TC or external EOP. The 
entire register is cleared by a Reset. To set or reset a bit, 


t h e 

so ftware loads 

t he props r fo rm o f 

the data word. See 

Figure 

4 - 9 

for the request 

register bit conf 

iguration and Tab1e 

-I- - I 1 

f 0 r 

a d d r ess c o d. i n g , 





0 -6a Number 


00 Select channel 0 
01 Select channel 1 

10 Select channel 2 

11 Select channel 3 

0 Reset request hit 
1 Set request bit 

Figure 4-9 . DMA Contro 11 er Request Regis ter B .11s 

Software requests will be serviced only If the channel is in 
Block mode. When initiating a memory-to - memory transfer, the 
Software request for channel 0 should be set* 
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Don't Cafe 


M ask Register . Each channel has associated with it a mask §Sit 
which can be set: to di sab le the incoming DREQ. Each mask bit 
is set when its associated- channel produces an EOP if the channel 
is not programmed for Autoinitialize. Each bit of the four bit 
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1 s o b e 
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ins t ruc tion a 11 ows them to occur . 1 ’he uist r u ct ion to s epa ra t e 1 y 

set or clear the mask bits is similar in form to that used with 
the Request register. See Figure 4-10 for the mask register bit 
configuration and Table 4-12 for Register instruction codes. 




7 6 5 4 3 2 ! 0 — 1 git Number 



GO Select channel 0 mask hit 
01 Select channel 1 mask bit 
TO Select channel 2 mask btt 
IS Select channel 3 mask bit 

0 Clear mask bit 
1 Set mask bit 


A1.1 £ o a r b i t s o £ t h s 
also he written with 


Mask register ma y 
a. s i n g I e c o mm an d. 
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Clear Channel Q mask bit 
Sec Channel 0 mask bit 


f 0 Clear Channel 1 mask bit 
I 1 Set Channel 1 mask bit 

| 0 Clear Channel 2 mask bif 
^ 1 Set Channel 2 mask bit 


| 0 Clear Channel 3 mask bit 
I 1 Set Channel 3 mask bit 


gure 4-10. DMA Controller Mask Register Bit 


Table 4-12. DMA Controller Register Codes 


Register 

Operation 

Signal) 

£5 

!GR 

FQW 

A3 

A2 

A1 

AO 

Command 

Write 

0 

1 

0 

1 

0 

0 

0 

Mode 

Write 

0 

1 

0 

1 

0 

1 

1 

Request 

Write 

0 

1 

0 

t 

0 

0 

1 

Mask 

Set/Reset 

0 

t 

0 

1 

0 

1 

0 

Mask 

Write 

0 

1 

0 

1 

1 

1 

1 

Temporary 

Read 

0 

0 

1 

1 

1 

0 

1 

Status 

Read 

0 

0 

1 

1 

0 

0 

0 
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Stat us Register , The Status register is available to be read out 
of- the DMA Controller by the microprocessor. It contains infor¬ 
mation about the status of the device at that point. This 
in format i.on includes which channels have reached a terminal count 
and which channels have pending; DMA requests. Bits 0-3 are sets 
every time a TC is reached by that channel. These bits are 
cleared upon Reset and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting service. 


bee 


pure 


-or status reeis ter bi 


o n f i g u r a t i o n 


twig i 
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DMA 


- Ba Number 


1 Channel 0 h*»s reached ■ C 

“ 1 Channel 1 has reached VC 

“ 1 Channel 2 has cached TC 

— 5 Channel 3 Has reached TC 


Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 


Cent rolIe r 


S t at us Registe r B its 


ary register is used to hold data 


Temporary Register. The Temper 
during memory- to - memory transfers-. Following the completion of 
t h o t: r a n s f e r s , t h e 1 a s t w o r d m o v e d c an b e r e a d b y t h e m 1 c r o - 
processor in the Program Condition, The Temporary register 
always contains the last byte transferred in the previous 
memoryAto - memory operation, unless cleared by a Reset. 


S o f t w a r e C o m m an J s . 1 h e s e a r e a J d i 11 o n. a 1 s p e c i a 1 s o f t w a r e 

commands which can be executed in the Program Condition, The; 
do not depend on any specific bit pattern on the data bus. 

The two software commands are: 







Clear First/Last Flip/Flop: This command is executed prior 
to writing or reading new address or word count information 
to the DMA Controller. This initializes the flip/flop to a 
known state so that subsequent accesses to register contents 
by the microprocessor will address upper and lower bytes in 
the correct sequence. 

Master Clear; This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, Temporary, 
and Internal First/Last FI ip./ Flop registers are cleared and 
the Mask register is set. The DMA Controller ente rs the Idle 
cycle. Table 4-13 lis ts the address codes for the software 
commands. 


Table 4-13. DM4 Controller Software 
Command Codes 


Operation! 

Registers 

Affected 

Signals 

CS ion low A3 A2 A1 AO 

Ciear FF 

internal 

First/Last 

Flip/Flop 

0 1 0 110 0 

Master 

Ciear 

Clear; 
Command 
Status 
Request 
Temporary 
interna! 
First/Last 
Rip/Flop 
Set; Mask 
_ _ __ 

0 1 0 110 1 
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4,2.3 FIRST-IN FIRST-OUT (FIFO) BUFFER MEMORY (U7, U8). 

This device is an expandable fall-through type, high-speed First - In 
First-Out (FIFO.) buffer memory optimized, for high speed disc or 
tape controllers and communications buffers. It is organized 
as 16 words by four bits and may be expanded to any number.of 
words of any number of bits (in multiples of 4), Data may be 
entered or ext racted asynchronously in serial or parallel. The 
device has tri-state outputs. See Figure 4-12 for the FIFO 
B i x f f e r c o n n e c t i o n s , 


PIN NAMES 


LOGIC SVMBOi 


Da d 3 

Par si lei Data inputs 

°s 

Serial Data Input 

p L 

^anaHel Load Input 

CPSi 

Senai Input Clock (Operates on 

Negative Going Transition? 

its 

Senai input Enable (Active LOW) 

TTS 

Transfe* lo Stack Input (Acuvt; LOW) 

OES 

Serial Output Enable Input 
[Active LOW) 

TOS 

franster Out Serial Input 

(Active LOW) 

TOP 

Tiansfer Out Parallel Input 

MR 

Master Reset (Active LOW! 

eb 

Output Enable (Active LOW) 

CPSO 

Senai Output Clock Input 

(Operates on Negative-Going Transition) 

Q 0 - a 3 

Parallel Data Outputs 

°s 

Senai Data Output 

IflF 

input Register Full Output 
(Active LOW) 

ORE 

Output Register Empty Output 
(Active LOW! 


fl « 



v cc - p,n 

GND K Pm i 2 


CONNECTDIAGRAM 
DIP (TOP VIEW) 




o. 



,;psti 

SU 


F|gure 4 - 1 2 . FIF0 Bu£f er Connections 
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4.2. 3*5.1 FUNCTIONAL DESCRIPTION . 

As shown in the Block Diagram in Figure 4-13, the device consists 
of three parts: 

1. An input Register with Parallel and Serial Data Inputs 
as well as control inputs and outputs for input hand¬ 
shaking and expansion. 

2. A 4-bit wide, 14-word deep Fall-Through Stack with self- 
contained control logic. 

3. An Output Register with Parallel and Serial Data Outputs 
as well as control inputs and outputs for output hand¬ 
shaking and. expansion. 


Since these three sections operate asynchronously and almost 
independently, they will be described separately in the following 
paragraphs. 


Vfjgj « Pm 'M 

v $$ Pm* 12 

Figure 4-13. FIFO Block Diagram 
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After the fourth clock transition,the four serial data bits are 
aligned in the four data flip-flops and the FC Flip-Flop is set, 
forcing IRF LOW (Input Register full) and internally inhibiting 
further CPS 1 clock pulses. Figure 4-15 illustrates the final 
positions resulting from a 64-bit serial bit train. BO is the 
first bit, B63 the last bit. 



iS 0 




Figure 4-15. Final Positions in a FIFO 
Resulting from a 64-B.it Serial Train 


4.2. 3 . ,3 TRANSFER TO THE FALL-THROUGH STACK. 

The outputs of Flip-Flops FO - F3 feed the Stack. A LOW level on 
the TTS Input attempts to initiate a "fall-through” action* if 
the top location of the Stack is empty, data is loaded into the 
Stack and the input register is re-initialized. Note that this 
initialization is postponed until PL is LOW again. Thus, auto¬ 
matic FIFO action is achieved, by connecting the IRF output to 
the TTS input. 

Data falls through the Stack automatically, pausing only when it 
is necessary to wait for the next empty location. The MR input 
only initializes the Stack control section and does not. clear 
the data. 

Seri a. 1 Entry . Data on the DS Input is serially entered into the 
F3 ? F2, FI, FO, FC Shift Register on each HIGH-to-LOW transition 
of the CPSI Clock Input, provided IES and PL are LOW. 
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Parallel Data Extraction , When the FIFO is empty after a LOW 
pu 15 e is app 1 ied to MR, the 0utput Register Empty (0RE') 0ut.put 
is LOW, Alter data has been entered into the FIFO and has fallen 
through to the bottom Stack location, it is transferred into 
the outp ut regi s ter , pro vid.ed the "Irans fe r 0ut Pa ra 11 e 1 * 1 (T0P j 
Input is HIGH, and the OES Input is LOW. As a result of the 
data transfer, ORE goes HIGH indicating valid data on the data, 
outputs (provided the 3-state buffer is enabled), TOP can 
now be used to clock out the next word. When TOP goes LOW, 

ORE goes LOW indicating that the output data has been extracted; 
but the data itself remains on the output bus until the next 
LOW-td-HIGH transition of TOP transfers the next word (if 
available) into the output register as explained above. During 
parallel data extraction, TOS, CPSO, and OES should be LOW. 

Ser ial Dat a Ext ract ion » When the FIFO is empty after a LOW 
pulse is applied to MR, the Output Register Empty (ORE) output 
is LOW. After data has been entered into the FIFO and has 

£a 11en through to the bottom Stack location, 11 is transferred 

into the output shift register provided the "Transfer Out 
Serial” (TOSj is LOW. TOP must he HIGH, and OES and CPSO must 
be LOW, As a result of the data transfer, ORE goes HIGH indi¬ 
cating valid data in the shift register. The 3-state serial 
Data Output QS is automatically enabled and. puts the first- 
data hit on the output bus. Data is serially shifted out on 
the HIGH-to-LOW transition of CPSO. The fourth transition 
empties the shift register, forces ORE LOW and disables the 
serial output OS. For serial operation, the ORE output may¬ 
be tied to the TOS input, requesting a new word from the Stack 

as soon as the previous one has been shifted out. 
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Conditions: IES LOW when initialized, 

EO, CPSO LOW, Data, available in stack 

Figure 4-22. FIFO Timing - Parallel Output, 
4-Bit Word or Master in Parallel Expansion 



Conditions: TTS connected to IRF, TOS connected 

to MIT, IES, OES , EO, CPSO LOW, TOP HIGH 


Figure 4-23. FIFO Fall Through Time 
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4.2.4 CYCLIC REDUNDANCY CHECK (CRC) GENERATOR/CHECKER |U23). 
Cyclic Redundancy Check (CRC) Generator/Checker is a 16-hit 
programmable device which operates on serial data streams and 
provides a means of detecting transmission errors. Cyclic 
encoding and decoding schemes for error detection are based 
on polynomial manipulation in modulo arithmetic. For encoding, 
the data stream (message polynomial) is divided, by a. selected 
polynomial. This division results in. a remainder wh ich is 
appended to the message as check bits. For error checking, 
the bj§t stream containing both data and check bits is divided 
by the same selected polynomial. If there are no detectable 
errors, this division results in a zero remainder. Although 
.it is possible to choose many generating polynomials of a given 
degree, standards exist that specify a small number of useful 
polynomials. This device implements the polynomials listed 
in Table 4-14 by applying the appropriate logic levels to the 
select pins SO, SI and 52, The CRC connections are shown in 
Figure 4-26. 

The device consists of a 16-bit register, a Read Only Memory 
(ROM) and associated control circuitry as shown in the Block 
Diagram. The polynomial control code presented at inputs SO, 

SI and S2 is decoded by the ROM, selecting the desired, polynomial 
by establishing shift mode operation on the register with Exclu¬ 
sive OR gates at appropriate inputs. To generate the check 
bits, the data stream is entered via the Data Inputs (D), using 
the HIGH to LOW transition of the Clock Input (CP). This data 
is gated with the most significant Output (Q) of the register, 
and controls the Exculsive OR gates (Figure 4-27). The Check 
Word Enable (CWE) must be held HIGH while the data is being 
entered. After the las t data bit is entered, the CWE is brought 
LOW and the check bits are shifted out of the register and 
appended to the data bits using external gating (Figure 4-28), 
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To check an incoming message for errors, both the data and check 
bits are entered through the D Input with the CWE Input held high 
The de vice is not in the data path, but only monitors the message 
The Error Output becomes valid after the .Last check bit has been 
entered into the device by a HIGH to LOW transition of CP. If 
no detectable errors have occurred during the data transmission, 
the resultant, internal register bits are all LOW and the Error 
Output (ER) is LOW, If a detectable error has occurred, ER is 
HIGH; ER remains valid until the next HIGH to LOW transition 
of CP or until the devi.ce has been preset or reset. 


A HIGH on the Master Reset Input. (MR) asynchronously clears the 
register, A LOW on the Preset Input (P) asynchronously sets the 
entire register if the control code inputs specify a 16-bit 
polynomial; in the case of 12 or 8-bit check polynomials, only 
the most significant 12 or 8 register bits are set, and the 
remaining bits are cleared. 



PIN NAMES 


% - s 2 

Polynomial Select inputs 

D 

Data Input. 

CP 

Dock 1 Operates on HIGH to 


LOW Transition} input 

CWE 

Check Word Eneble Input 

p 

Preset (Active LOW! Input. 

MR 

Master (Active HIGH} input 

Q 

Data Output 

ER 

Error Output 


CONNECTION DIAGRAM 
DIP UOP VIEWS 



NOTE. 

The flstpak vei'jfOd hs* 

pinout* {Connection Diafirsro) as rb* 

Duel HsKfajfcgsu 


BLOCK DIAGRAM 



V CC " 14 
GND " 7 


Li.gure 4-26. 


C R C C h e c k e r C o n n e c t i o n s 









CRC Polynomial Select Codes 

POLYNOMIAL 

REMARKS 

X ,6 tX 15 -*X * 2 * * *1 

CRC-16 

x16. x 14. x ,. 

CRC-16 REVERSE 

xl6^x^ 5 'f X ^3-tx'^x4+x2+xUl 


X t2 +?c 1 X^x^X-* 1 

CRC-*2 

x®»x ? txS x 4 ->x+ 1 


x 8 +? 

LRC-S 

X'6<x' 2 <xV| 

cRc-ccm 

X S6, X 1 1 *X<S* 1 

CRC-CCtTT REVERSE 


Figure 4-27. CRC Equivalent Circuit For X‘"' + .X“ + X" + 1 


•< WUMli 

r r>»A04 ( 

) AND 31 



NOTES. 

\ Cheek word Enable n HtGH while data is bem-g clocked, LOW during transmission of cb#ck bits 

2. 9401 must l>e reset Of preset fcwHore each computation. 

3 CRC check b»n are generated end appended to data bits. 


Figure 4-28» CRC Check Word Generation 





















4,2,5 16 K (2IC x 8) lit ERASABLE PROM (U21) . 

t'his device is a 16,384-bit ultraviolet erasable and electrically 
programmable read-only memory (EPROM). 


Pi.n Conf 1 guration 


BLOCK DIAGRAM 
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PIN NAMES 


1 

AfiO«£S$£S ] 

STi* 

pHM» f 

JL 

OVJnfUT mSM.1 

Og“Oy 

OUTfHSfi 


Figure 4-29. PR0M Connections 


4 .2.5. I ERASURE CHARACTER I ST I CS . 

The erasure characteristics of this device are such that erasure 
beg ins to occur when exposed to 1 igh.t wi th wave 1 engths shorter 
than, approximately 4000 Angstroms. It should be noted that, sun¬ 
light and certain types of fluorescent lamps have wavelengths 
m the 3000-4000/? range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical device 
in approximately 3 years, while it would take approximately 
.1 week to cause erasure when exposed to direct sunlight. it 
the device is to be exposed to these types of lighting conditions 
for extended periods of time, opaque labels are available which 
should be placed over the window to prevent unintentional erasure. 
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4.2.5.2 DEVIC E 0 P E RAT ION. 

The five modes of operation of the device are listed in Table 4 - 15 . 
It should be noted that all inputs for the five modes are at TIL 
levels.. The power supplies required are a + 5V VCC and a Vpp. 

The Vpp power supply must he at 25V during the three programming 
modes, and must be at 5V in the other two modes. 


Table 4-15. PROM Mode Se 1 ecti.on 
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Read. M ode . The device has two control functions, both of which 
must be logically satisfied in order to obtain data at the out¬ 
puts . Chip Enable: (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output control 
and should be used to gate data to the output pins» independent 
of device selection. Assuming that addresses are stable, address 
access time (tACC) is equal to the delay from. CE to output (tCE) „ 
Data is available at the outputs 120 ns (tOE) after the failing 
edge of OE, assuming that CE has been low and addresses have 
beer, stable for at least tACC - tOE. 

Standby Mode . The device has a standby mode which reduces the 
active power dissipation by 75%, from 525 mW to 132 mW. The 
device is placed in the standby mode by applying a TTL high signal 
to the CE input. When in standby mode, the outputs are in a 
high impedance state , independent of the OE input. 

Output Deselection . The outputs of two or more devices may be 
OR-tied together on the same data bus. Only one should have 
its output selected (OE low) to prevent data bus contention 
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between devices in this configuration. The outputs of the others 
should be deselected by raising the OE input, to a TTl high level. 

Programming . Initially, and after each erasure, all bits of 
the device are in the "l" state. Data is introduced by selec¬ 
tively programming "Ohs” into the desired bit locations. Although 
only "CPs” will be programmed, both "I's" and "Ohs'* can be pre¬ 
sented in the data word. The only way to change a "0" to a ”I" 
is by ultraviolet light erasure. 

The device is in the programming mode when the Vpp power supply 
is at 28V and "OF is at VIH. The data to be programmed is applied 
8 bits in parallel to the data output pins. The levels required 
for the address and data, inputs are TTL, 

When the address and data are stable,, a 50 msec, active high, 

TTL program, pulse is applied to the CE/PGM input, A program 
pulse must be applied at each address location to be programmed. 
One can program any location at any time * - either individually, 
sequent lally, or at random. The program pulse has a maximum width 
o f 5 5 ms e c, T he device must no t h e pr o grammed wit h a DC signa1 

applied to the CE/PGM input,, 
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4.2,6 1024 X 4 BET STATIC RANDOM ACCESS MEMORY (U 

T h i s <i e v i c e i # a 4 0 9 6 - b i t s t a 
as 10 ,S4 words by s ' 
operate. The data is read out no rules tract! vely and has tf 
polar) ty as the input data, r,~iv,v«*, ,-t-/ 
a n. <J a s e p a r a t e c h 1. p s e 1 e c t (CS 


R an d om. A ece s s Me m o r y o r g an i. z e d 
s and requires no clocks or refreshing to 

h e s am e 

oiimon input/output pins are provide 
i ,i e a d a T1 o w s e a s y s c l. e c t’ i o n o i 


an 


h i U cl 1 p 3, C 1C cl £* i 


PSN CONFIGURATION 


LOGIC SYMBOL 


BLOCK DIAGRAM 
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4.2.7 TRI-STATE BU1fERS (U39). 

These devices provide six, two-input buffers in each package. 

One of the two inputs to each buffer is used as a control line to 
gate the output onto the high-impedance state, while the other 
input passes the data through the buffer. The outputs are placed 
in the tri-state condition by applying a high logic level to the 
control pins. 


Logic and Connection Diagram Truth Table 



OUTPUT 

G 

A 

V 

H 

X 

Hi l 

L 

H 

H 

!_f 

i- 

l 



Fi gure 4- 31. 1'r i - St a.t e Buf i:er Connect ions 


sw / Q 


4 




4,2.8 B11S C 0 MP A RA T 0 R (. U 37), 

ffhis device compares two binary words of two to six. bits in .1 
and indicates mat:chins fbit~for-b.it) of the two words. Tnm.it 


or one w 


word, a:: 


L inputs . whereas imeats of the second wot 


a r 


high imoedarvce receivers driven, by a terminated data bus 


o u t p u t hi a s a 1 a t c h t h a. t i s s t r o b e c o n t r o 11 e d 


me 


trails ter 


information to the output occurs when, the STROBE input goes i 
a logical 1 to a logical. 0 state. Inputs may be changed whil 
the STROBE is at the logical 1 level, without affecting the i 


t the output 


Logic Diagram 



C onnec t i on D i a g r a m 
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Bus Comparator Connections 
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4 .2.9 S C HM ITI T R IG GE R ( U 2 71 , 




Min 

Typ 

May 

Post live-going Threshold 

Voltage 

1.4 

1.6 

1.9 

Nega1 1 ve-going Thresho1d 

Voltage 

0 , 5 

O 

00 

1. 0 


%~A 



as *i e# n Aft 


-Figure 4-33, Schmitt. Trigger Connections 
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4 . | .11 T R I - SIA T E B U F F E R S ( U1- 4 , U 3 8) . 

This device provides eight, two-input buffers in each package 
that employ low power Schottky TTL technology. One of the two 
inputs to each buffer is used $$ a control line to gate the output 
into the high impedance state, while the other input passes the 


data through the buffer. The outputs are placed in the tri-state 
condition by applying a high logic level to the enable pins. 


L o g i c an d C o n n e c t i on 1) i a g r am T r u t h T ab 1 e 


INPUTS 

OUTPUT 

Q A 

V 

H X. 

L H 

< L 

t 



Figure 4 - 35 . T ri-State Buffer Connections 
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4.2.13 DECODER/BEMULTIPLEXER (U22). 

These Schottky- clamped circuits are designed to he used in high 
performance memory decoding or data routing applications requiring 
very short propagation delay times.. This device contains two 
separate two-line to four-line decoders in one package. The 
active-low enable input can be used as a data line in demuIt i- 
p1exinf app1 % cations. The device features £u11y buffered inputs, 
presenting only one normalized load, to its driving circuit. All 
inputs are clamped with, high performance Schott ky diodes to 
s uppres s line - ringin g, 


Connection Diagram Logic Diagrarn 



Figure 4-37. Decoder/Demultiplexer Connections 
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4,2,14 QUAD 2-LINE TO 1-LINE DATA SELECTOR/MULTI PLEXER (119} . 

This data selector/multiplexer contains inverters and drivers to 
supply full on-chip data selection to the four output gates, A 
separate strobe input is provided. A four-bit word is selected 
from one of two sources and is routed to the four outputs. 


C o nne ction Diagram 


Logic Diagram 
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Truth Table 
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figure 4*38. Quad 2-|»ine to 1-Line 
Data Selector/Multiplexer Connections. 


4“ 86 






a n 

t * u * 


D-TYPE TRANSPARENT LATCHES (U42J 


These 8-bit registers feature totem-pole three state outputs 
designed specifically for driving highly capacitare or relatively 
low impedance 1 acids. The high impedance third state and increased 
high- I ogi c- 1 e ve 1 dr |ve pro vi de these regis ters wi th the capa.b i 1 i ty 
of being connected directly to and driving bus lines. Transparent 
operation means that while the enable (G) is high, the Q outputs 
follow; the data (D) inputs. When the enable is low, the output 
is latched at the level of the data that was set up. The output 
control do.es not affect the internal operation of the latches. 

That is, the old data can be retained or new data can be entered 
even while the outouts are off. 


€ o i i n e c t i o n D i a g r a m 
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figure 4 - 59 . 11 -Type Transparent Latch Connections 
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4,2,16 DUAL 4-BIT BIDARY COUNTER (U45) . 
These devices contain eight inaster-siave fli 
gating t® implement two individual tour bit 
package, each with a clear and clock input, 
are available from each counter so that any 
input count frequency is available. 


p- f 1 o p s a nd a. ddi t i o n 
co un t e r s i rs. a s i. n g . e 
P a r a 11 e 1 o u t p u t s 
s ubmu. 11 1 . p I e o f t h e 


C o n. n e c t i o n D L a g r a m 
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Logic Diagram 
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Figure 4-40. 
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ThUs e 8 - b i t re g i s 
t r i - s t a. t e o u t p u t s 
i in p e d a n c e 1 o a ds. , 
level ? the output 


D FLIP-FLOPS (U4, Ull, U12, U13, U30 , U31, 1141} , 
ters cont a in D-T v p e £ 1 i p- flo p s w i t h t o t e m - p o I e 
capable of driving highly capacitive or low 
When the output control is taken to a high logic, 
s go into the high impedance state. When a low 


logic level is applied to the output control, data 
are loaded into their respective flip-flops on the 
go i n g t r an s i t i. on o f th e c .1. o ck . 


at the D inputs 
next positive¬ 


il o n n e c t i o n I) i. a g r a m 
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Figure 4-41. 
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SECTION 5 

MAINTENANCE AND TROUBLESHOOT INC 

5.0 INTRODUCTION. 

The AM-500 cireuit board performs to full capability with a 
minimum of maintenance. This Section describes maintenance; 
and troubleshooting procedures and procedures for handling 
w a r r a n t y r e t: u r n s . 

5,1 CIRCUIT BOARD CHECKOUT. 

The AM- 500 circuit board was fully tested before it left Alpha- 
Microsystems and will operate satisfactorily in the system, 
if the hardware and software requirements of Sections Two and 
T h r e e o f t h i s m an ual are met. Sho u 1 d a p r o b 1 e m a rise a 11: e r 
the circuit card has been in operation, use the following 
procedures to iden11 fy and 1 ocate the fault. 

1. C h e c k a 11 c a b 11 n g f o r p r o p e r s e a t i n. g o f .c o n. n e c t o r s , 

2. Check the circuit board for proper seating .in the slot. 

5. Check all power connections for correct voltages. 

4 . C h e c k j uni p e r o p t i o n s t o e n s ur e c o r r e c t n e s s o f 
application. 

5, Veri fy that the fault, is in the AM- 500 and not 

in the system or in the peripherals. This can best 
b e accomp 1 i shed w i th sub s ti tu1 1 on o f a know n. good 
circuit board. 

5. Perform the diagnostic tests included with the 
circuit board, as described in paragraph 5.3, 




5 , 2 WARRANTY PROCEDURES , 

This c if ell i t board is covered by warranty issued by Alpha 
Microsystems Inc., Irvine „ California. Complete details of 
the warranty are included with the circuit board. Should a 
problem arise with this circuit board, call your dealer or 
the A A [) h: i Micro international Support Services Group tor 
i.nfo rmat ion » 

S 3 T RO IIB L H SI! 0 0 F ! N G P R 0 C E D U RE S , 

Diagnostic testing software is included with the AM-500 ctrcui 
board and should be used for troubleshooting and to verify 
p r o p e r o p e r a 1 1 o n . T e s t d e s c r l p t i o n a n d o p e r a. t i n g p r o c e d u r e s 
a r e e o n t a i n e d i 11 t h e f o 11 o w i n g p a r a g r a p h. s » 


TEST LIE SCR 


[ ON 


EXERCISE MODE 


j 


est - 


' h i s t e s t f o r m a t s a 11 s p e c i f i e d t r a c k s 


o f the d j. s k unde r tes t an J then. C yc 1 ie Re Ju n dai 1 cy 
C h e c k (C RC ) v e r i f i e s L h a t a 11 s e c t o r a d, d r e s s e s 
and codes are written correct lev. 


i e s t - B 
to aii : 
u s e r . 
co r rec f. 
t: .1 a J. 1 v . 


t - C 


e s t 


i e s t - 


f h e s e t- e s t s w r i t e 


a t a 


track 

S cl 

data w o r d s u p p .1 i 

e d b y t h e 

r e a d 

a i i 

sec tors 

wr it ten 

to verify 

c t o r s 

a f e 

written 

and ref 

d sea lien ~ 


t-F, This test writes rand,oiri data to all speci¬ 
fied tracks. Addressing is also random. Each 
sector will be written to only once during this test 
After ail appropriate sectors have been written, a 
verify operation is performed using the same random 
addres sin g s cheme. 


T est- G. This test writes to all specified tracks 

using an Incrementing data pattern. Addressing 






alternates between two counters; one counting down 
from the maximum specified sector address, and the 
other counting up from the minimum specified sector 
address. Only odd numbered sectors are written to 
when addressing from the counter counting down, and 
-only even numbered, sect ox's are written, to When 
addressing from the counter counting up. When all 
appropriate sectors have been, written, a. read opera¬ 
tion begins using the same, data and addressing scheme* 


- 

Test-H. 

This test 

1‘ G i 

r ces 

e f r o r c o n d i t i o n s w h i c h 


s h o u I d. b e 

detected 

by 

th e 

d rive . Firs t, i t tr i e s 


to access an illegal sector address. Secondly., it. 
tries to seek an illegal cylinder address. Both 
cases should, cause detectable errors. 


fest-H error reporting. An error is recorded when the proper- 
error code is not returned by either the Hawk or the AM-500, 
lor example: During the ’’illegal cylinder'' portion of the 
test, a cylinder address of 500 is sent to the Hawk. This 
addresfg is i. 11 eg a 1 and shou 1 d cause the Hawk to send tbe 
approphiate error status back t&- the program. If the actual 


s f a t u.s does 
rece i veJ by- 


no t 1 n d i c ate t h, a t an 111. e g a. 1 c y .!. i n d e r a ci d. r e s s w a s 
the Hawk, the program records an error. 


NOTH 

Be to re at tempt i ng th is tes t, on.e sw itch s e 111ng 
rnusf be changed on the Hawk, The switch to be 
oil a n go d. i s .1 o c a t e d o n t h e I / 0 boar d, w h i c h i s 
the PC board directly below the 50 pin ribbon 
cable coming from the AM--500, The switch itself 
(54) is located in the lower left hand corner 
(see Figure 1), When the switch has been located, 
set: position 3 to the ”ON" position as described 


b - 


3 












r rr n 
3 . 3 „ l 


TEST DESCRIPTION 


ADJUSTMENT MODE, 


1. I'es t-A . Performs one "RESTORE" operation on the 
disk under test. This causes the disk to reset 
its internal logic and seek cylinder 0. 

2. Tes t-B. Performs an alternate seek between any 
two user speci£ied cy1inders without per£orming 
a. read o p e r a. t i o n,, 

3. Test -C» Seeks any legal cylinder head and enables 
the drive select and read gate. 

§. 3. 3 T E S T 0 P E R A T 10 N , 

5.3.3. 1 R UN N I N G T H E PROG RAM . 

Load HWKTST. PRG into memory and run by typing "HWKTST"' follow 
b y a ca rriage retu rn, 

5 . 3 . 3 . 2 -OPERATOR INPUTS „ 

The operator must specify a disk number (0-7) to indicate 
which disk will be subjected to tests. 

The operator must specify the test mode fexerciser adjustment 

If the adjustment mode was selected, the user must select: a 
test, from the "menu" presented by the program. It either 
test B or C is chosen, the user will be prompted to enter 
additional data regarding the cylinders and head to be used. 

If the exercise mode was selected, the user may define a 
sequence of tests to be performed. Up to 20 test characters 
may be entered followed, by a carriage return. A letter may 
be repeated, which will cause the test to be repeated. The 
s t andard de fa.u 11 is a. 11 tes ts (A , B , C , I),E , F , G § ! 1) and xs 
s e1e c t e d b y entering a carriag e ret arn only. 




Some tests (A»B,C,D,E § F) require additional operator inputs 
to fully define them. If any of these tests are selected, the 
operator will be prompted to enter the appropriate data. 
Default values will be used if the operator enters only a. 
carrI age retur n in response to thes e prompts. Be1ow is a 1is t 
a I: parameters and their standard default values; 

P A RAMI; TER./ ID ST DATA 

8 0 7 
0 
0 
0 

FFFF 
0 33 3 
39 CE 
FFFF 

5 « 3. 3. 3 13SER OP T I ON S , 

The user may suppress all error outputs by answering yes (Y) 
to the f i r s t us er op t ion . 

if errors are not to be suppressed, the user may include a 
dump of the AM- 500 data buffer after each data mis compare. 

The user may elect to dump an error summary after each test 
by answerihg yes (Y) to the appropriate prompt. 

The user may elect to pause after each test. To continue» 
the user types a carriage return on the controlling terminal. 

The user may elect to continuously loop through the entire 
test sequence, or only loop X times as specified by the user. 


Maximum T rack 
Mi in mum Track. 
Tes t- A 
F e s t - B 
Tes t - C 
Test-D 
Tes t - E 
Test-F 
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5 , 5.3.4 h R RO R HAN DUNG. 

All disk errors will be printed as they occur unless the user 
ha s se 1 ec t ed the op t io n s upp res s ing er ro r pr :i n to uts , The 
user may also select: an option which will cause the AM- 500 
to dump its data buf fer after every data miscompare, Addi¬ 
tionally^ error summaries may be output after each test or 
just a final error summary after all tests are complete. 


5.3. i , 5 if RRQR TYP115 . 

Errors corae under two types 


T h e f i r s t t; y p e w o u 1 d b e d i s k 


• o r s , such as s eek , s ec tor- no t - f oun d , an d sentinel. 


r t 


ire s e 


types of errors will cause up to four re - try s to occur before 


g .i. y i n g 

1 1: i s c o n s i cl e r & 
error s ummary. 


p. If the error persists for three or more re-try's 


a hard error and is marked as such in the 
f the error corrects itself in less than 


1 li r e e 


rys, it is marked as a soft error in the error 


; umm a n 


The second type would he* data errors. These errors are due 
to data mis compares during read operations. These errors are 
always marked as "hard" errors in the error summary * 

3„3,3,6 TEST FERMI NAT ION. 

The test program may be aborted at any time by typing "CTRL ~C." 
b . 3, 5, ; B LIFTER PRESETS . 

I n order to make disk read transfers apparent, tests A, B , C, D 
and 13 fill the AM- 50 0 buffer with complement data prior to 
each read operation. The buffer is not preset in other tests 
since data will never repeat between any two consecutive reads. 


i . 3 , 1 W 0 R S T CA 5 E DA T A PAT T E RN S 


i n 


f o 11 o w ing dat a pa 11 e rns o e ne r at e wors t c as e dat a. pa t te rns 


the disk; 






DATA 


EFFECT 


0 Produces highest amplitude, lowest frequency. 

This is the default pattern for tests A and B. 

FFFF Preduces lowest amp1itude, highest freque ncy . 

This is the default pattern for test C, 

333 Worst case for peak shift. This is the default 

pa11ern for test D. 

39CE Worst case for one~b.it amplitude. This is the 

default pattern for test E. 

5,3.5 DIS K ERROR CO DE S . 

ERROR 

NUMBER DESCRIPTION 

5 Disk not ready or fault exists. 

11 Write protected, 

65 Seek error, 

6 7 Sector not found 

68 CRC error. 

69 Sentinel field error. 

NOTE 

All other error codes are illegal at this time. 

If any other codes appear, the AM- 500 loan'd may 
have problems. 
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5.3.6 RE C 0 MME NB E D T E S T P R.0 C E DIJ RE , 

The following sequence is recommended as a short but compre¬ 
hensive test and will take about 7 minutes: 


Type HWKTST followed, by a RETURN * 

Enter DISK NUMBER when prompted by program. 

Select the EXERCISE MODE (#1). 

When prompted to enter test sequence (A-H), enter a 
carriage return. This will cause a predetermined 
sequence of tests which consists of tests A,B,C,D, 

E,F,G,H In tha t order. 

When asked for ’’HIGHEST TRACK," enter 220. When 
asked for "LOWEST TRACK," enter 200. 


Enter a. return, for each of the following 
Format Data Word* Test B Data Word* 
Test C Data Word* Test D Data Word* 
Test E ila t a Word* 


En t. e r 

i r v 

a \ 

" for "Suppres 

En t e r 

1 * M " 

for "Dump data 

a f t e r 

each 

t e s t . ' ■ 

E n t o r 

"N ,f 

tor "Pause aft. 

En t WT 

"N" 

tor "Loop cont 


s a Id, e r ror me s s a g e s . " 
and CRC error tad..11es 

er each test. " 

1 n uo us 1 y ?' 1 


Enter 2 for number of passes. 
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Tills te.#1 sequence will use all of the 
which were described in paragraph 5,3. 


ftEPORr. 3 t an 

same test sequence that was used originally, vutn one exception 
when DromSiieJ 


of 

th e 

t e 5 t 

hRi 
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e x i s 
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that 
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’ s S Li P 
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n i s w i i 
ime an error 
s.ecuted when 


c a i j s e t h e p r o g r a m t o o u t p u t 
is detectedj indicating 
t h e e r r o r w a s J e t e c t e d . 


de 

fault data 

va 1. ue s 

5 . 



x' am 

will give 

an ERROR 

the 

program a. 

nd use the 

n a 1 
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n e e x c e p t i 

ME 
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1.1 Lt? 1 ■» 

an 

© T F O T >D 6 S 5 
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R4l3.4-_.fj4 (SH a 

B5——05 !SH 2) 


CLOCK fSH 3) 


eaW —R7 


f»Pf~ftS (SH 8,12) 
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L-^UfllT 
(HIT (SH 3) ——JrESEi 


RDp-—- 

2't> 

UJR b:^.. 

1 Q 

MRtQR™ 

RFSHb~~ 

3USBk!>—- .BUSRK f SH 5,7> 


-r -RD (SH 7.9) 


OG Pi pa 03 D4 D5 D6 D7 
I4f l5j !2( l3[ 7T SpOj 13] 


Y—r-UR ISH 7,8,9) 


I_ 

8097 


■ I OR ISH D T 7 5 10) 


• TQU (SH 


□MBSEL (SH 9) 


[LPHR 

* Hitt® O y Q -J r Y C 

IRVINE. Cfi 9271=1 


SCHEMRTIC RM-500 
— DISK CONTROLLER 


""[CHECKED "SHEET NO. irRftUZNG Nfi. .. 

- 1 - 6 j DUL-00500-XX 

















































ORTRD 


DIM 


DRLCLR 



. 























































ROM RNO RRM 













































































m ish s) — 

RD ISH S) 


R14 ISH S').—~fl 

fits ISH fir- 


-Lcj 6 


YQj^j--RQHSel (SH 8J 

Y i^>5-RflMSEL fSH 8i 

-OHfiSEL (SH 6,7! 

raU..—-- 

ti qi =tq I 


; 741.S133 I 

ME MORY BNlI REGISTER SELECTIO N 


RO (SH 2) —“FI 
R.l (SR 2) —B 


IN IT (SH 3'J 


-^Fl YO:-'3TRTUS (SH 5) 

p SI 4 _ 

--SB TiD-CNTRL (SH 115 

p 13 —__- 

■% Y2p™--DRVSEL (SH 1.U 

UJQ Y3&^3j-C'fLflDR (SH 11) 

<S8R Y4>f;-COffflRB ISH 3) 

<ese rs^- drvsts ish 4> 

rsi>-6RLCLR (SH 3,7) 

Sjg, r7 S - 

■74LS138 


--.ildF! QFlJi-- 
ngli^L 

! U45 '* |B b 


i QC - 

—^lljcLR QD|S- 

; 74LS333 




I FIFO SYNC RONIZ1NG LOGIC 


.j—' — 1 <(F! Qfl 13 -- ! , ... I 9_ r ~~v o 

! 045 . ^LjL±35»j>* .. DR “ 3 CSH7i 

! » .-. f ..~ l 74Lsoe 

.! .-^CLS QOr- 

i 74L S333 i 


qs4-. 


URMF (SH Hi 


i ,44^ 

} pi G ; 
RCLOCK (SH 3i .h—---41 tl\ 


CELL (SH 35 -f- 

RDRT.fi (SH 3.( .. 

RLRLi (SH Hi - 

ORE" (SH IQ; . 4"' 


-P.. ihr (ci — 

.|--|82 US | 

“f—"T —^-jR3 Y3p. 


4.!.ii| B 4 


7 j 7 ^157 1 


CRC GEN ERATO R/CHECKER uOB1C 


2A 3i 5i a ioi 



p 

SO SI S2 CME- [ 

D 


U23 Qv 

a 


9401 


HR 

[ 


,.CRC CSH 12; 


Rp”-CRCERR (SH 4) 


■.•*--.FE-MPTY (Shi 1.2) j 

-CPSO (Si-; 10) 

034 

BBTP ISH 1 1 s —( "X>7 i 

'**7 4LS0^ 


T I 

r .4_i_. j 

pj PR (n; j 

+■5V ■*— ■— 1 4D Q |—— T-PSYNC (SR i 0) 

! I >3*; ! : 


I 025 

...^CLK 


74LS74! i 

.J 


C LPHft 

micro o y c r r m f' s 

O ! O i !(_: i O 

I RVINE; CR 52 714 
FtItL£ ' '4 „ ^ " 


.-.---j SCriEMRTlC RM-500 

"l»eS<?S' .joaSHSjn®: . 

-I 3 |DU1-00500-XX 


































































H- 1 -UlOfiTR ’SB S. ip! 




" I3j U33V- 


el -si 19 I soi g ii ea 

.J PL Q3"Q? £3 5 .QO QS ' ' 

‘bJeo 


r-qofrs 

: 14!_ 

.-dTQS 

| IS]- 

H-qCPSO 




I MR GS 03 G £ Pi 00 
IT? - 7l 8 5l 4]“ 3 
_J i 


00 ^SH 4) ■ 

01 rSH 41 

02 fSH 41 
03 ISH 45 


t_Li. a .i.i" 


-M-+- 


QRTfi (SH 11; - 
RDOTfi lSH 3; - 
0=2 r$H 4J -- 
05 (SH 4 s — 
08 tSH 4 j -■ 
D7 -'SH 4) 


-r->± —®—H |... 

I/ 74|.S04 I 














I 



t 

.....j 
















3~BIT .FIFO BUFF E R 


4.Seo 

| 5 5- 

4-.^qOES 


gj 1 si isi sol 21 1 esA 

“pf'crs QF 01 QO QS 


! MR DS D3 02 Di DO 
"HY 7j si 4] 3] 


4-i- I-*—.—I—- 


I 111 


-4 -]—f—■}—.ORE (SB 




Mil 


ELPHfi 

^ «ICRO CVQ T P" Q 

IRVINE j CR 95714 _ 

‘ ! %;HFMRT IC RM-50Q 

. DISK CONTROLLER 

smrwr .p?®? wrss 7 . 

.1 2 0 !DUL-GG500-XX 




















































































































































































BIL L # DWB-00500-00 

RETAIL PRICE 

$ 

o 

o 

REV. AO3 

WHSLE PRICE 

$ 

0.00 

22 MAY 19 79. 

NET PRICE 

$ 

0,00 


DESCRIPTION DISK CONTROLLER AM-500 

PART NUMBER DESCRIPTION QTY 


i ,, 

DWF-0 05 00-00 

PCJB DISK CONTROLLER AM-500 

7 

_L 

2 „ 

CNS-00040-00 

SOCKET 40 PIN DIP 

2 

3 , 

CM S-O 00 2 4 — 0 0 

SOCKET 24 PIN DIP 

9 

4 „ 

C NS — 0 0 0 2 0 — 0 0 

SOCKET 20 PIN DIP 

i o 

D „ 

CNS-00018-00 

S QCK T 18 PIN DIP 

2 

6, 

CNS-00016-00 

SOCKET 16 PIN DIP 

6 

7 „ 

CNS-00014-00 

SOCKET 14 PIN DTP 

19 

8 „ 

CNS-00008-00 

SOCKET 8 PIN DIP 

2 

9 

IC1-74367-00 

IC HEX BUFFER 

i 

.i. 

10 

CPP-00156-01 

Capacitor is uf :iqv 

7 

11 . 

CPM-004 7 3—01 

CAPACITOR «,0 4 7UF 

1 1 

I 2 . 

HDM-00001-00 

HEATSINK %. 5 0 0 X 1.810 , 5 0 QLG 

1 

.13 * 

ICL-0 0 3 2 3-0 0 

IC REGULATOR +5V TO.3 

-L 

1 4 , 

R S 2 - 00.1 - 0 0 

RESISTOR 1.0 0 OHM /W 5% CAR 

1 

15 „ 

k s 2 — 0 0 2 2 2 - 0 0 

RESISTOR 2 „ 2 K \Vi 5/ CAR 

j. 

, 6 » 

ICl-74393-01 

ic dual 4 bit binary counter 

1 

17,. 

1CI-75451-00 

IC DUAL INTERFACE DRIVER NT OC 

2 

.1. 8, 

ICl-07430-01 

IC 8 INPUT HAND GATE 

L 

L y » 

CNF- 0 0 00 2-1.1 

CONN HEADER S0PIN .092LG RT ANGLE 

i 

20. 

ICl-08197~01 

IC BUFFER OCTAL 

2 

/. J. * 

ICl-7437 3-01 

IC OCTAL D FLIPFLOP 

i„ 

2 2 . 

IC.1-74374-01 

IC OCTAL D FLIPFLOP 

3 

23. 

IC1-74374-02 

IC OCTAL D FLIPFLOP 

4 

24 , 

ICl-07474-01 

IC DUAL D FLIPFLOP 

4 

_<E 0 !) a 

I Co - 0 9 4 0 3 - 0 0 

IC 8 BIT FIFO 

2 

2 6 . 

IC1 - 7 4138-01 

IC DECODER 3 TO 8 LINE 

2 

2, i « 

IC1-07404-01 

IC HEX INVERTER 

2 

28 , 

rci.074 08-01 

IC QUAD 2 INPUT AND GATE 

2 

q 

rCM-02114-04 

RAM 256 X 4 BIT STATIC 

2 

3 0 . 

IC1 - 7 413 9 - 01 

IC DECODER 2 TO 4 LINE DUAL 

1 

3.1 . 

TCI - 0813.1-00 

IC COMPARATOR 6 BIT 

1 

3 2 „ 

IC1 - 7 41 5 7 - 0 0 

IC QUAD 2 TO 1. DATA SELECTOR 

j_ 

3 3 . 

E CS - (J 9 4 0.1 - 0 0 

IC GENERATOR CRC 

i 

3 4 ^ 

IC1 - 0 7 414fiR 01 

IC HEX INVERTER W/HYSTERESIS 

1 

3 5 . 

ICl-07400-01 

1C QUAD 2 INPUT HAND GATE 
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